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INTRODUCTION 


Since 1927, when it was first shown that the yellowing of alfalfa, 
Medicago sativa L. (14), and the reddening, yellowing, and browning 
of red clover, Trifolium pratense L. (13), were caused by the potato 
leaf hopper, Empoasca fabae (Harris), there has been considerable 
speculation concerning the immediate cause and the nature of the 
pathological disturbance within the infested plants. The similarity 
of these symptoms on legumes to those of the vellows diseases of 
plants caused by insect-transmitted viruses led to suggestions that 
this might be another such disease. However, evidence was soon 
produced that the symptoms were not due to a virus, and several 
workers inclined toward the theory that the insect when feeding 
injects into the plant tissue some chemical or enzymic toxin. Recent 
additions to knowledge concerning the feeding habits of this insect, the 
histological changes it causes in the plants it feeds upon, and the 
chemical changes that follow the feeding injury indicate, however, 


that although the injection of a toxic substance during feeding is 
possible it is not highly probable. 


REVIEW OF LITERATURE 


The evidence in the literature regarding the injection of a specific 
virus or toxin by this leaf hopper during feeding is contradictory. 
Ball (2) in 1919 reported that the hopperburn it caused on potato was 
specific, i.e., caused by only one species of leaf hopper, and advanced 
the idea that it was an insect-transmitted trouble, somewhat similar 
to curly top of sugar beets. Fenton and Ressler (7) in 1922 reported 
the artificial production of a leaf necrosis very similar to hopperburn 
on potato by injecting leaf-hopper extract into healthy leaves. In 
their tests, inoculum prepared from macerated adults produced more 
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injury than that from thenymphs. The same year, Eyer (5) reported 
that he had been able to produce hopperburn by injecting an extract of 
leaf hoppers, especially of the nymphs, into healthy plants, and that 
he had reinoculated the ‘‘specific’”’ from diseased plants into healthy 
plants and had again produced the characteristic burning. However, 
in his tests the action of the sun’s rays was necessary for the browning 
of the leaves after the yellowing had been produced by inoculation. 

In 1923 Fenton and Hartzell (6) reported further attempts to pro- 
duce potato hopperburn artificially. They had failed to produce any 
injury comparable to hopperburn by mutilation of the leaf tissue with 
various instruments, by the injection of dilute poisons into healthy 
leaves, or by inoculations with solutions prepared from hopperburn- 
diseased tissue. Positive results were obtained, however, from a few 
of their inoculations with aqueous and alcoholic extracts from 
macerated adult leaf hoppers. When nymphs were used the results 
were all negative. In spite of their variable results, these writers 
concluded that there was some specific substance in the insect’s 
body that could be dissolved in either water or dilute alcohol by 
maceration, and that if enough of this was injected into the vascular 
system of the leaf a form of injury resulted which closely resembled 
that produced by the feeding of the insects. Lutman (/6) in 1923 
expressed the opinion that the evidence for the injection of a specific 
toxin or inciting agent by the leaf hopper was not conclusive, and 
advanced the theory that in sucking the juice from the veins of the 
potato leaves the hoppers— 
remove the water from the tubes and from the adjacent sieve tubes, companion 
cells and elongated parenchyma to such a degree that they plasmolyze and 
collapse to a point where they cannot regain their turgidity, and, as a consequence, 
they die and become brown in color. 

Granovsky (8) in 1926 described a marginal yellowing and redden- 
ing of apple leaves caused by this leaf hopper and suggested the 
existence of some infective principle (virus) localized in the vascular 
system of the leaves. He reported artificial production of the 
symptoms by needle inoculations with inoculum prepared from 
macerated adults and advanced nymphal stages of the insect, by 
crushing nymphs and adults on apple leaves, and in a few cases by 
needle inoculations with the sap of discolored leaves. 

In 1930 Smith and Barker (30) described a yellows disease of beans 
in Haiti caused by Hmpoasca fabalis De Long, a new species of Em- 
poasca closely related to /. fabae, and reported that it could not be 
transmitted by the inoculation of healthy plants with juice from dis- 
~ased foliage. So far as the writer can determine, this is the only 
reported attempt to transmit an Empoasca yellowing on legumes by 
artificial inoculation. 

Fenton and Hartzell (6) in 1923 reported that the hopperburn 
produced by £. fabae on potato was localized to the part of the plant 
upon which the leaf hoppers were confined and that the amount of 
hopperburn produced was directly correlated with the number of 
hoppers present on the plants. These facts were soon confirmed for 
the injury produced by this leaf hopper on forage legumes, and it was 
observed further that plants which were not too severely injured 
recovered if the hoppers were kept off. There appeared to be little 
reason, therefore, for assuming that a virus was concerned in the 
production of the symptoms on legumes, except for the resemblance of 
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the symptoms of this leaf-hopper injury to those of other yellows 
diseases of plants reported to be caused by insect-transmitted viruses. 
Consequently, Granovsky (9), Monteith and Hollowell (20), and 
Poos (21) all suggested that the probable cause was a toxin or enzyme 
injected by the leaf hopper into the tissue of the plants and remaining 
more or less localized. 

Poos (21) in 1929 summarized as follows the facts established by 
the earlier workers and himself which tended in his opinion to support 
the theory that the insect when feeding injects into the plant tissue 
some chemical or enzymic toxin. (1) The amount of injury produced 
by Empoasca fabae was apparently directly proportional to the number 
of these insects which were present. (2) When EF. fabae was removed 
from a slightly injured plant, the plant invariably recovered its natural 
growth. (3) It was not possible to rear or collect any individual of 
E. fabae that was free from the infectious principle. (4) A transfer 
of EF. fabae on various host plants seemed to show no difference in the 
degree of the injurious symptoms or in the period of time required to 
produce them when the insects were again placed on seedlings of 
clover and alfalfa. (5) A comparison of the capacity for injury of 
the various instars of /. fabae with that of the adult showed little 
difference in the type and degree of injury caused by the various stages. 
(6) The diseaselike symptoms were not found to be systemic. In 
both alfalfa and clover, when shoots of the same plant were caged 
separately, with one cage containing F. fabae while another was left 
uninfested as a check, the shoots in the infested cages showed the 
typical injury whereas those in the check cages always grew normally. 

Granovsky (/0) in 1930 reported two observations which threw 
light on the nature of the injury caused by the potato leaf hopper to 
alfalfa: (1) Histological study of the injured tissue showed a yaa 
and isolation of the vascular bundles by what he considered to be 
suberized or lignified layers, and complete disorganization of the 
phloem tissue in some cases; and (2) microchemical tests showed a 
greater accumulation of starch grains and reducing sugars in the 
tissue injured by the leaf hopper. Smith and Poos (29) and Smith 
(28) have since reported that the clogging material is largely of insect 
origin and responds positively to microchemical tests for proteins. 

In 1931 Smith and Poos (29) reported that histological study of the 
feeding habits of Empoasca fabae and five closely related species of 
Empoasca had shown the following results. (1) Of the species studied 
only E. fabae fed upon the vascular tissues of the plants and caused a 
disorganization and plugging of the conducting elements. The other 
five species, distinguishable from /. fabae only by examination of the 
structures in the male genital chamber, fed upon the mesophyll of 
the leaves and caused only a whitish spotting or stippling where 
mesophyll cells were emptied of their contents. (2) Serial sections of 
a cowpea petiole on which an adult EF. fabae had fed for 24 hours 
showed that 14 punctures had been made into the phloem and that 5 
of the 7 bundles in the petiole had been fed upon. (3) The injury 
produced by E. fabae, whether wilting or reddening and yellowing, 
was localized to the part of the plant beyond the point of feeding. 
These workers concluded from their histological studies that injury 
by the potato leaf hopper is not due to the introduction of a toxic 
substance into the plant but is the result of interference with the trans- 
location of plant materials. 
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HYPOTHESIS OF OVERACCUMULATION OF CARBOHYDRATES 


The writer started work on certain phases of this cooperative project 
in 1930, when the histological work of F. F. Smith and F. W. Poos was 
in progress. Through their cooperation and by means of the small 
feeding cages constructed by Smith (27), he first undertook a detailed 
study of the reaction of leaves of Ladino clover, Trifolium repens L 
var. latum McCarthy, to the feeding injury caused by individual leaf 
hoppers confined upon restricted areas of the leaf petioles for 24 hours 
Ladino clover was selected as the host plant for use in this work because 
of its extreme susceptibility to the injury and because its ease of 
propagation by shoot cuttings made it possible to secure abundant, 
uniform host material. The leaf hoppers used in these tests were from 
a Virginia strain of /mpoasca fabae established by Dr. Poos in 1928 and 





FIGURE 1.—Wilting of Ladino clover leaves 3 to 7 days after individual Empoasca fabae had fed upon 
restricted areas of the petioles about 1 inch from the blades for 24 hours. On this host collapse of the 
region of the petiole fed upon precedes the complete wilting of the blade. The two lower leaves are 
uninjured checks from the same plants as the leaves above. 


maintained continuously by him on cowpeas in cheesecloth cages in 
the greenhouse. During the feeding exposure the plants were kept in 
a greenhouse at 80° F., a temperature favorable for active leaf-hopper 
feeding, but as soon as the leaf hoppers were removed at the end of the 
feeding period the plants were taken to another greenhouse, where 
the temperature was maintained between 50° and 55°. At this low 
temperature the reddening and yellowing developed slowly, and an 
excellent opportunity was afforded to study their gradual increase in 
intensity. Figures 1, 2, and 3 illustrate the symptoms of injury 
developing as a result of the feeding of individual leaf hoppers upon 
restricted areas of the leaf petioles of Ladino clover for 24 hours. 
Figure 1 shows various stages in the wilting of the leaves. Some 
leaves were entirely wilted and shriveled at the end of the 24-hour 
feeding exposure, whereas others wilted slowly over a period of from 


3 to 7 days. The constriction of the petioles which on this host 
























Sept. 1, 1934 Injury to Forage Legumes by Potato Leaf Hopper 























383 


cks from th 


> 





FIGURE 























384 


Journal of Agricultural Research Vol. 49, no. 





preceded the complete wilting of the leaf blades is evident at the point f 
of insect injury. Figure 2 shows the symptoms that developed ( 
gradually on about 90 percent of the leaves which did not wilt as 
a result of the feeding injury. These leaves appeared perfectly norma! 


for 2 or 3 days, then became yellowish or grayish green and began to 
redden from the margins inward from 6 to 8 days after the feeding 
exposure. Approximately 10 days after the reddening started, the 
leaflets were rigid, cupped, and a mottled red, yellow, and green 
color. The petioles also reddened back to the points of feeding, but 
in no case did symptoms develop below this point or upon other leaves | 
upon the plants. Within a week or 10 days after the symptoms 
became intense, the colors faded somewhat and the leaf margins became 
necrotic and rolled either upward or downward as shown in figure 3. 
Once started, necrosis proceeded rapidly, and within a few days the 
entire leaf was dead and brown. 





FIGURE 3.—Later stage in the reddening and yellowing of Ladino clover leaves caused by the feeding 
of individual Empoasca fabae upon restricted areas of the petioles for 24 hours. The colors have dulled 
somewhat and the leaflet margins are rolling and becoming necrotic. Photographed 29 days after the 
feeding exposure ended. Fifteen punctures were made with a fine glass needle into the petiole of the 
leaf at the right (injured region between ink marks), but no symptoms developed. The leaf at the left 
is an uninjured check. 


Using the same technic for confining leaf hoppers to restricted areas 
of petioles, the writer prepared material and made microchemical 
tests for starch and reducing sugars on sections cut from the unwilted 
leaf blades at intervals after individual leaf hoppers had fed on the 
petioles for 24 hours. These tests revealed (1) that there was a 
gradual accumulation of reducing sugars and starch in the mesophy]| 
cells of the leaf blades, first noticeable about 5 days after the feeding 
exposure ended ; and (2) that the development and increase in intensity 
of the pathological symptoms were correlated with the gradual 
accumulation of carbohydrates in the leaves. 

These facts suggested the hypothesis that the reddening and yellow- 
ing of legumes caused by this leaf hopper result from localized over- 
accumulation of the carbohydrate products of photosynthesis above 
the points where the injury to the phloem tissue of the vascular bundles 
has retarded or stopped the backward movement of sugars from the 
manufacturing cells. A survey of the literature dealing with the 
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relation of carbohydrate accumulation to the reddening and yellowing 
of leaves revealed that this hypothesis rested on a reasonably sound 
physiological basis. Further experimental work was planned, there- 
fore, to test this hypothesis. 


EXPERIMENTAL METHODS AND RESULTS 
ARTIFICIAL PRODUCTION OF SYMPTOMS OF LEAF-HOPPER INJURY 


It appeared that the production by artificial means of symptoms 
comparable with those caused by the feeding of the potato leaf hopper 
would be a critical test of the validity of the hypothesis that the 
insect acts merely as a mechanical agent and that localized over- 
accumulation of carbohydrates produces the pathological symptoms. 
Experiments were planned, therefore, in which attempts were made 
to injure the vascular bundles in petioles and stems by various 
mechanical means. 


Guass-NEEDLE INJuRY TO CLOVER PETIOLES 


The first attempt to produce by mechanical means the symptoms 
of Empoasea fabae injury to Ladino clover paralleled the first feeding 
test in which individual leaf hoppers were confined upon restricted 
areas of the leaf petioles for 24 hours. A duplicate series of comparable 
plants was used, and an attempt was made to simulate the mechanical 
injury caused by the leaf hopper in feeding by repeated puncturing 
of a restricted region of the leaf petioles with an extremely fine glass 
needle. Before attempting to injure the petioles with the glass 
needle, sections had been cut and the location of the five vascular 
bundles in the petiole determined by microscopic examination. 
Fifteen punctures were made in a region of the petiole approximately 
one-half inch in length, five attempts being made to puncture each 
of the three main bundles. The petioles of 28 leaves were injured in 
this way between November 12 and 18, 1930. The plants were kept 
in a greenhouse at 50° to 55° F. and observed daily until December 
13. The results secured were negative, no pathologic symptoms 
developing on any of the injured leaves. Microscopic examination 
of the petioles in the region of injury showed that in all cases one or 
more of the bundles had been torn or injured to some extent, but in 
none had there been so complete a disruption and plugging of the 
phloem region as is observed frequently in bundles injured by F. fabae. 


PARTIAL SEVERING OF CLOVER PETIOLES WITH Razor BLADE 


In order to obtain a complete stoppage of movement through cer- 
tain bundles and leave others apparently unimpaired, a condition the 
writer believes to be comparable with that often resulting from the 
feeding of an adult Empoasca fabae upon a petiole, an attempt was 
made to sever part of the bundles in Ladino and red clover petioles 
by means of a safety-razor blade. Microscopic examination of petiole 
sections had indicated the possibility of severing 2 of the 5 bundles 
by cutting half way through from the flat side of the petiole and of 
severing 3 bundles by cutting half way through from the concave side. 

On November 20, 1931, the petioles of 18 leaves of Ladino clover 
and 2 leaves each of Tennessee and Italian red clover were partially 
severed at a point about 1 inch from the leaf blade. In each case 
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half of the petioles were cut from the flat side and half from the con- 
cave side. The petioles were injured between 10 and 10:30 a.m. At 
this time the sun was shining brightly and the temperature in the 
greenhouse was between 80° and 85° F. The greenhouse was un- 
shaded and the plants were in direct sunlight. 

Since conditions seemed favorable for rapid transpiration, it ap- 
peared desirable to observe the injured leaves at frequent intervals 
during the remainder of the day with the hope of determining how 
much destruction of xylem in the petiole was necessary to cause 
wilting of the blade. The first observations were made at 11 a.m., 
one-half hour after the injuries were completed. At this time 5 of the 
18 Ladino clover leaves and 1 of the 2 Tennessee red clover leaves 
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FIGURE 4.—Leaves of Ladino clover (A, B, and C) and of Italian (D) and Tennessee (/) red clovers 4 days 
after the petioles were partially severed by means of a safety-razor blade. The plants bearing these 
leaves had been in a greenhouse exposed to bright sunshine daily and at a temperature ranging from 75° 
to 85° F. The only leaf that wilted (4) had all 5 veins in the petiole severed as shown in figure 5. C is 
an uninjured check 


were flaccid. One and one-half hours later 1 Ladino leaf had _ re- 
gained its turgidity, but the other 5 leaves were still flaccid. At 2 
p.m. the condition of the leaves appeared unchanged. At 3:30 p.m. 
a second Ladino leaf and the Tennessee red clover leaf had regained 
their turgidity, but the remaining 3 Ladino leaves were now definitely 
wilted and curling. At 5 p.m. the 3 Ladino leaves were still more 
wilted and curled, whereas all the remaining injured leaves appeared 
quite turgid in spite of the fact that several of the blades were hang- 
ing by only a slight attachment to the petiole at the point of the 
partial severing. 

The condition of the leaves appeared unchanged the following 
morning, and no noticeable change occurred during that day. By 
the next day the three wilted leaves were shriveled and brown back 
to the point at which the petiole had been partially severed. The 
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other injured leaves were still turgid and a healthy green color. Four 
days after the petioles had been injured, a wilted and shriveled 
Ladino leaf, 3 partially severed but turgid leaves (1 Ladino clover 
and 1 Tennessee and 1 Italian red clover), and an uninjured Ladino leaf 
were removed and photographed (fig. 4). Freehand sections were 
then cut from each petiole at the point of injury and camera-lucida 
drawings (fig. 5) were made to show the amount of unsevered tissue 
connecting the blade with the petiole. They show that every bundle 
was severed in the petiole of the Ladino leaf that wilted and shriveled 
(fig. 4 and fig. 5, A), whereas only 1 bundle remained unsevered in 
the Ladino leaf that remained turgid in spite of severe petiolar injury 
(fig 4. and fig. 5, B). Two bundles remained unsevered in the petiole 
of the Italian red-clover leaf that remained turgid (fig. 4 and fig. 5, 
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FiGure 5.—Camera-lucida drawings of freehand sections cut across the petioles of the leaves illustrated in 
figure 4 at a point just below the partially severed region; », the unsevered veins in each petiole. Note 
that the Ladino leaf that wilted (4) had all 5 veins severed, whereas the Ladino leaf that remained turgid 
(B) had only 1 unsevered vein in the petiole. The Italian red-clover leaf (D), with 2 unsevered veins, 
and the Tennessee red-clover leaf (F), with 3 unsevered veins, also remained turgid. Petiole section C 
is from the uninjured Ladino leaf. 


D) and 3 remained unsevered in the petiole of the turgid Tennessee 
red clover leaf (fig. 4 and fig. 5, F). 

This experiment shows that mechanically severing 3 or 4 of the 5 
vascular bundles in a clover petiole will not cause a rapid wilting of 
the tissue above the injury, even under conditions favorable for 
transpiration. This condition sometimes occurs after an adult Em- 
poasca fabae has fed for 24 hours upon a comparable region of the 
leaf petiole. It shows further that, as would be expected, complete 
stoppage of water movement to the leaf blade by mechanical severing 
of all the bundles in a petiole results in a rapid wilting similar to that 
caused by the leaf hopper. 

The leaves with partially severed petioles (13 Ladino, 1 Tennessee 
red, and 1 Italian red) remaining after November 24 were kept in a 
warm greenhouse and observed daily. Twenty days after the petioles 
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were partially severed, one Ladino leaf began to redden, and 10 days 
later the entire blade was mottled red and yellowish green. The re- 
maining leaves remained turgid and green until the experiment was 
ended. 

During the course of the experiment just described it was observed 
that accidentally a Ladino clover leaf had been pulled almost loose 
from the stem and was hanging attached by a single vascular bundle. 
The leaflets of this leaf were cupping, reddening, and yellowing in a 
manner quite comparable to that occurring after an adult Hmpoasca 
fabae had been confined on the petiole, except that in the former case 
the reddening extended entirely back to the base of the petiole where 
food movement was interrupted. This suggested that the base of the 
petiole was a favor- 
able place for mechan- 
ically severing part 
of the veins, and a 
further experiment 
was planned. 





Razor-B.LaDE INJURY AT 
BasE oF CLOVER 
PETIOLES 


On December 16, 
1931,4 leaves near the 
tip of a runner on a 
vigorously growing 
Ladino clover plant 
were pulled loose at 
the base of the peti- 
oles and part of the 
vascular bundles in 
the loosened leaf 
sheaths were severed 
with a razor blade. 
‘ It was evident that 
Lied , » 1 leaf remained 
FiGuRE 6.—Ladino clover [stem[showing upper petiole attached in attached to the stem 
vascular bundle. "The latter condition was attemed by pohing Dy a single bundle 

¢ ¢ as atts ) * ’ 


upon the petiole while cutting carefully at its base with a safety- so wal rae “a 
razor blade. The stem tip bearing these leaves is shown in figure 7. for this vein was eX 
posed for approxi- 


mately three-sixteenths of an inch (fig. 6). The exact amount of 
injury to the vascular elements of the other 3 petioles could not be 
definitely determined, although it was evident that not more than 1 
or 2 vascular bundles remained unsevered in any case. 

It was soon evident that 1 leaf had been too severely injured, for it 
became quite flaccid and slowly shriveled. The other 3 leaves also 
became slightly flaccid after the petioles were injured, but soon regained 
their turgidity, and after 3 days began to show faint signs of redden- 
ing. The symptoms intensified gradually, and by 8 days after the 
injury the blades of 2 of the leaves were streaked with red. Fifteen 
days after the petioles were injured the blades of these 2 leaves were 
a mottled red, yellow, and green, and their petioles were entirely 
reddened to the point of injury at their bases. The coloration be- 
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came more intense and the cupping of the leaflets became more pro- 
nounced during the next week. Twenty-three days after the petioles 
were injured the experiment was ended and a photograph taken to 
show the cupped discolored leaflets of the leaf attached by a single 
vascular bundle as compared with the green expanded leaflets of the 
normally attached leaves on the same stem tip (fig. 7). 

This experiment shows that by mechanically severing all but one 
of the vascular bundles in a petiole symptoms can be produced that 
are almost identical with those caused by the feeding of a potato 
leaf hopper upon the petiole of a Ladino clover leaf. It would seem 
probable that in the former case the pathological symptoms were due 
to the accumulation of carbohydrates in the leaf. In order to study 
this question further it appeared desirable to have a rapid method of 

















FIGURE 7.—Ladino clover stem tip showing the normally attached leaves green in color. In the leaf at- 
tached by a single vein (lower right) the leaflets were rigid, cupped, and a mottled red, yellow, and green 
color. Photographed 22 days after the petiole was injured at its base. Note the similarity of these 
symptoms to those caused by the feeding of a potato leaf hopper for 24 hours upon a restricted region of a 
Ladino clover petiole (fig. 2). 


girdling clover petioles and alfalfa stems. The literature of plant 
physiology on translocation of food suggested the possibility of using 
live steam as a girdling agent. 


GIRDLING ALFALFA STEMS AND CLOVER PETIOLES WitH Live STEAM 


A preliminary experiment made December 31, 1931, showed that 
the living cells in a localized region could be killed by holding alfalfa 
stems and Ladino clover petioles for 15 to 30 seconds in a jet of live 
steam issuing under about 10 pounds pressure from a wall petcock 
in a steam pipe used for greenhouse heating. The stems and petioles 
shriveled at the points of steaming (figs. 8 and 9), but water continued 
to pass upward through the dated regions, and the shoot tips and 
leaf blades remained turgid. Within 15 days after the petioles were 
steamed the 6 Ladino leaves were rigid, and the leaflets were cupped 
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and were mottled red, yellow, and green. The symptoms developed 
more slowly on the 6 alfalfa shoots, probably because of the greater 
amount of tissue above the girdles, which were made about 5 inches 
from the tips, and it was approximately 30 days after the stems were 
steamed before the entire shoot tips were yellowed and reddened. 

This experiment was repeated on March 8, 1932, when 60 Ladino 
clover petioles and 77 Peruvian and Kansas alfalfa stems were steamed 
as described above. Within 4 days the Ladino petioles were redden- 
ing above the girdles 
and the leaf blades 
were beginning to 
redden from the mar- 
gins inward, as in 
leaves injured by the 
leaf hopper. Ten 
days later, just 2 
weeks after the peti- 
oles were steamed, 
every injured leaf had 
developed pathologi- 
cal symptoms, where- 
as the uninjured 
leaves appeared per- 
fectly healthy and 
unchanged. Some 
of the injured leaves 
were already becom- 
ing necrotic, but most 
of them were rigid 
and the leaflets were 
cupped and mottled 
red, yellow, and green 
(fig. 8). 

From 4 to 6 days 
after the steaming 
the alfalfa stems be- 
gan reddening or 
purpling above the 
girdles, and the green 
color of the leaves 
slowly faded to yel- 
low-green. Yellow- —————————— 
ing then began be- FIGURE 9.—Alfalfa stem showing shriveling of the region girdled by live 


~ steam and development of adventitious root primordia above the 
tween the velns of girdled region. Photographed 34 days after the stem had been held 


the leaflets and grad- in a jet of live steam for 30 seconds. X 3. 
ually spread until the entire shoot tips were yellowed and reddened. 
Figure 10 shows a yellowed and reddened alfalfa shoot tip 28 days 
after the living cells in a localized region of the stem were killed with 
live steam, and a healthy green ungirdled shoot from the same plant. 
On March 12, 1932, 37 Ladino clover petioles and 40 alfalfa stems 
were steamed for approximately the same length of time as in the 
previous experiment. Symptoms similar to those just described 
developed on the leaves and shoot tips distal to the region steamed. 




















392 Journal of Agricultural Research Vol. 49, no. 5 


These experiments show that symptoms comparable with those 
caused by the feeding of the potato leaf hopper on clover petioles or 
alfalfa shoot tips can be produced by artificially girdling these struc- 
tures by the use of live steam. In order to prove definitely that the 
reddening and yellowing of the girdled leaves and shoots were accom- 
panied by carbohydrate accumulation, samples of these leaves and of 
healthy green leaves from the same plants were preserved in alcohol 
for analysis. The results of -these analyses are presented in the fol- 
lowing section and are compared with analyses of leaves reddened 
and yellowed by leaf-hopper infestation. 




















FIGURE 10.—Shoot of alfalfa (A) yellowed and reddened by girdling the stem with live steam, compared 
with a healthy green ungirdled shoot (B) from the same plant. Photographed 28 days after the stem of 
the shoot A had been held in a jet of live steam for 30 seconds. The symptoms here illustrated are prac- 
tically identical with those caused by infesting caged alfalfa plants with potato leaf hoppers. 


PHYSICAL AND CHEMICAL CHANGES IN ALFALFA AND CLOVER LEAVES AFTER 
LEAF-HOPPER INJURY 


MoisturRE CONTENT 


On September 1, 1931, yellowed and green shoots of Arizona Com- 
mon alfalfa (F. C. no. 15837) were collected from rod-square field 
cages, one infested with Empoasca from potatoes and the other unin- 
fested. The cut shoots were wrapped at once in moist towels, placed 
in a vasculum, and taken to the laboratory. The samples were taken 
between 10 a.m. and 2 p.m.; the day was clear and warm. In the 
laboratory, a handful of shoots was taken at random from the middle 
of each bundle, the leaves were at once picked off into tared weighing 
tubes, and the moisture content was determined in duplicate by oven- 
drying the material for 24 hours at 85° C. followed by 48 hours at 
100°. The green weight of the samples used ranged from 10 to 16 g. 

On August 29 and 30, 1932, yellowed and green alfalfa shoots were 
collected from the same pair of cages as in 1931 and from an additional 
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pair of similar cages nearby in the same alfalfa field. These samples 
were handled in exactly the same manner as those of the previous 
year. 

The results of the moisture-content determinations are recorded in 
table 1 along with related data. They show that in both 1931 and 
1932 the leaves of alfalfa yellowed by the leaf hopper had a higher 
dry-matter content than the green leaves. The increased dry-matter 
content of all the 1932 samples was probably due to the fact that they 
were taken in the middle of a severe drought. 


TABLE 1.—Chemical and physical data on alfalfa leaves yellowed by the potato 
leaf hopper (Empoasca fabae) as compared with normal alfalfa leaves, Arlington 
Experiment Farm, Rosslyn, Va., 1931-32 


Chemical composition on basis of green weight 


Os- 
. , motic Total 
‘ alfalfe ry ; : 
Year| ‘ nonipen ot alfalfa E... # pres- | reduc- acid- | Solu- | Insol- 
— ~ sure of ing Su- Total Starch | Pydro-| ble | uble 
SAP | sugar 1 | Crose 1) sugar !|*™" lyzable| nitro- | nitro- 
. | sub- gen gen 
| stances! 
Per- Atmos-| Per- Per- Per- Per- Per- Per- Per- 
cent pheres cent cent cent cent cent cent cent 
7 a9 4 ogg |f 0.84 0. 59 | 1. 43 3. 25 0. 64 1.09 
nue SO) BOR Lt 53] 1.24] 3.25 ‘64 1.13 
- . o . f .21 -23 . 44 1. 66 59 1.17 
me Tee 4 
| Healthy green 19.71 16.9) “46 " oR 44 132 56 119 
ra . an a on jf 1.6 1.00 2. 51 3. 47 &. 39 2.163 . 943 
Yellowed.... 36.84) 26.11) 1°33] [93] 226] 3.26] 7.95] 191 "890 
ani a9 7% 99 f . 24 . 60 84 49 3.00 077 1, 239 
sis Healthy green... SS) M1 og "59| (86) .45| 3.01| 1087] 1.251 
eee ai ew P f 1.02 .97 1.99 2. 55 5. 34 . 263 . 979 
Yellowed 37.08) 235) 113] 100] 213 5.50 |  . 281 . 959 
an 16 . 26 . 69 .95 85 3. 30 . 143 1, 328 
¢ rg 36. 12 4 o as 
Healthy green 56. 1 { 2 ‘66| (90| (38! 3.06] 1147| 1.294 


! Expressed as dextrose } ; 
? Chlorophyll nitrogen not included because of analytical method employed in 1932. 


On September 10, 1931, two pairs of samples of reddened and green 
leaves of Ladino clover (F. C. no. 14048) were collected from cheese- 
cloth cages, 2 by 3 feet, infested with Empoasca from cowpeas, and from 
similar uninfested cages. These unin were handled in the same 
way as the alfalfa except that only the leaves were brought into the 
laboratory. The samples were collected between 11 a.m. and 1 p.m.; 
the day was clear and warm. In the laboratory the procedure with 
these leaves was the same as with the alfalfa, except that only the 
upper inch of petiole, usually the only part of this structure that had 
reddened, was picked off with the reddened blades. The green 
weight of these samples ranged from 13 to 18 g. 

On August 29, 1932, reddened and green leaves of Ladino clover 
were collected from infested and uninfested field cages and one pair 
of samples was prepared as just described. 

The results of these moisture-content determinations are presented 
as percentage of dry matter in table 2. They show an increase in 
percentage of dry matter for the injured leaves similar to that in 
yellowed alfalfa leaves. 
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TABLE 2.—Chemical and physical data on Ladino clover leaves reddened by the 
potato leaf hopper (Empoasca fabae) as compared with normal leaves, Arlington 
Experiment Farm, Rosslyn, Va., 1931-32 


Chemical composition on basis of green weight 
Os- 


‘ iti | Dry | motie | 
Condition of clover Dry motic 





Year ened mat- pres- im Sol- Insol- 

leaves ter | sure — Su- Total | starch | Uble uble 

| of sap | sugar ! crose ! | sugar ! nitro- | nitro- 

gen gen 

Atmos- 

Percent | pheres |Percent |Percent Percent |Percent | Percent Percent 

Reddened 26. 31 y 2. 93 1. 07 4. 00 3. 53 0. 67 0. 94 

Healthy green 20. 99 .40 27 67 1, 83 -42 1. 24 

1931 Reddened 27.79 1.75 .78 2. 53 2. 26 67 1.00 
“ Healthy green 19. 89 3.! . 39 . 38 77 .77 45 1. 22 
Reddened ? 2. 35 1.04 3. 39 19 67 

Healthy green 3 15 1, 24 1.39 .12 1. 04 
1932 { Reddened 31. 26 } 2.32) -1.09 3.41 1.67 | 4.149 675 
Wa \Healthy green 25. 59 .40 . 45 BS 54 085 . 905 


| Expressed as dextrose. 

? Plants were grown in the greenhouse; individual leaf hoppers were allowed to feed upon restricted areas 
of the petioles for 8 or 16 hours. 

) Plants were grown in the greenhouse and were kept free from leaf hoppers 

‘ Chlorophyll nitrogen not included because of analytical method employed in 1932 


Osmotic PRESSURE OF Sap 


After the samples for the moisture-content determinations had 
been placed in weighing tubes, similar 50-g samples were weighed 
out. Each sample was transferred to a Pyrex test tube 1% by 12 
inches; the tube was then tightly stoppered and immediately plunged 
into a freezing mixture of ice and calcium chloride. The material 
was kept frozen until the following morning, when the tubes were 
removed from the freezing mixture and the samples thawed out at 
room temperature. In 1931 the sap was pressed out by means of a 
heavy steel cylinder and piston in a Lentz hydraulic press and col- 
lected in a 50-ce Florence flask. The pressure employed was gradu- 
ally increased to approximately 20,000 pounds to the square inch. 
In 1932 a lighter cylinder and piston were used in a Carver laboratory 
press and the final pressure obtained was 10,000 pounds to the square 
inch. 

After allowing the press to drain for 5 minutes in all cases, the 
sample of expressed sap was shaken, 15 ml was poured into a Pyrex 
test tube, and the freezing-point depression was determined by the 
use of a Heidenhain thermometer. A mixture of ice and table salt 
was used in the cryoscope, and all determinations were made with 
the temperature of the freezing mixture ranging between —10° and 

18° C. Triplicate readings of undercooling and freezing point 
were always made, and the average of the three readings was used in 
making the calculations. The zero point of the Heidenhain thermom- 
eter was checked with distilled water before each set of determina- 
tions, and the readings were properly corrected. By means of a 
correction factor secured from the table of Harris (11), the observed 
freezing-point depression was corrected for the amount of under- 
cooling. The corrected freezing-point depression was converted into 
atmospheres of osmotic pressure from the table of Harris and 
Gortner (12). 
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The results secured, expressed as atmospheres of osmotic pressure, 
are presented in tables 1 and 2 along with related data. They show 
that in 1931 the leaves of alfalfa yellowed by Empoasca had a much 
higher osmotic pressure than the green leaves, 28.6 atmospheres as 
compared with 16.9 atmospheres. A similar difference was found to 
exist between Ladino clover leaves reddened by Empoasca and green 
Ladino clover leaves: 24.9 atmospheres as compared with 15.8 atmos- 
pheres in one set of samples, and 35.1 as compared with 13.5 in the 
other. In 1932, the differences obtained with alfalfa were in the 
same direction but considerably less in magnitude than those of 1931 
because of the increased osmotic pressure of the juice from the green 
leaves. The juice from the samples of yellowed leaves showed os- 
motic pressures of 26.1 and 28.5 atmospheres and the juice from the 
sample of green leaves showed an osmotic pressure of 22.1 atmos- 
pheres. This rise in osmotic pressure is correlated with the increased 
dry-matter content of the green leaves, caused doubtless, as pointed 
out above, by the dry weather prevailing at the time of sampling. No 
Ladino clover samples were available for cryoscopic determinations in 
1932. 

CHEMICAL ComposiTION, 1931 


After the samples for the cryoscopic determinations had been placed 
in the freezing mixture, duplicate 50-g¢ samples similar to those used 
in the moisture-content and cryoscopic determinations were weighed 
out. Immediately after being weighed each sample was transferred 
to a quart glass jar containing 400 ml of hot 95-percent alcohol and 
0.25 g of calcium carbonate. These jars were lightly sealed, then 
placed in a water bath, and the alcohol was boiled for 15 or 20 minutes 
to stop enzyme action. At the end of this period, the jars were 
tightly sealed, lifted from the water bath, and after being cooled were 
stored in a pasteboard box for approximately 2 months before the 
analyses were made. 

The sugars present in the samples were extracted by means of the 
preserving alcohol as percolate, and the amount of reducing sugars 
and total sugar present in the extracts was determined by following 
the procedure given by the Association of Official Agricultural 
Chemists (/) for the determination of sugars in feeding stuffs. The 
weight of the cuprous oxide precipitates was obtained by direct 
weighing, and their equivalents in dextrose were obtained from 
Munson and Walker’s table (32, pp. 139-146). The nitrogen present 
in the extracts was determined by the unmodified Kjeldahl method 
of the Association of Official Agricultural Chemists. 

The residues from the alcoholic extraction were oven-dried, weighed, 
and finely ground in a small hand mill. The starch content of the 
residues was determined by the Walton and Coe method (33) for the 
determination of starch in the presence of interfering polysaccharides, 
except that the picric acid colorimetric modification, described by 
Coe and Bidwell (4), was used to determine the amount of dextrose 
present after acid hydrolysis. The nitrogen present in the residues 
was determined by the unmodified Kjeldahl method. 

The results of the analyses, expressed as percentages of green 
weight of the leaves, are presented in tables 1 and 2. They show that 
in 1931 the leaves of alfalfa yellowed by Empoasca were higher in 
reducing sugar, sucrose, total sugar, starch, and alcohol-soluble 

83605—34——2 
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nitrogen but lower in insoluble nitrogen than the healthy green 
leaves from the uninfested cage. Similar differences were found to 
exist between leaves reddened by Empoasca and healthy green leaves 
of Ladino clover. Both sets of analyses showed the reddened leaves 
to contain more carbohydrates and soluble nitrogen but less insoluble 
nitrogen than the green leaves. 

The results of a third set of analyses of leaves reddened by Empoasca 
and healthy green leaves of Ladino clover are also presented in table 2. 
The reddened leaves for this set of analyses were secured by allowing 
individual F. fabae confined in small insect cages to feed for 8 or 16 
hours upon restricted areas of the leaf petioles about 1 inch from the 
blades. From February 17 to February 28, 1931, a total of 104 leaves 
distributed on 17 different plants had the petioles exposed in this way 
to injury by E. fabae. By March 14 many of the leaves showed 
advanced symptoms of the injury (fig. 2). On this date 46 reddened 
and 46 healthy green leaves were collected and preserved in alcohol 
for chemical analysis. These samples were collected between 10 and 
11 a.m.; the day was clear and warm. 

In collecting the leaves, the petiole was first severed near its base 
and then cut through again just above the ink mark indicating the 
upper limit of the small cage in which the hopper had been confined 
during the feeding exposure. The blade and short section of reddened 
petiole were then placed in a low-form Stender dish to prevent loss of 
moisture. Immediately after the reddened leaves had been removed 
from a plant, an equal number of healthy green leaves were removed 
in the same way and placed at once in another Stender dish. The 
net weight of each sample was approximately 6 g. After being 
preserved in alcohol, the samples were stored in a dark cupboard for 
about 1 month, until the analyses were made. 

The results of these analyses show that the Ladino leaves reddened 
by Empoasca contained more reducing sugar, total sugar, and soluble 
nitrogen but less sucrose and insoluble nitrogen than healthy green 
leaves from the same plants. These results are in general accord with 
the others presented in this table which are based upon 50-g samples 
produced in infested and uninfested cages in the field during the 
summer months. 

Because of the small size of the samples produced in the greenhouse, 
no starch determinations could be made. However, sections cut from 
a reddened leaf and stained with iodine-potassium iodide showed the 
chloroplasts to be gorged with starch grains, whereas a similar test 
made on sections from a green leaf showed the chloroplasts to be 
practically free from starch except those in the guard cells of the 
stomata in the lower epidermis. 


CHEMICAL COMPOSITION, 1932 


On August 29 and 30, 1932, when samples of alfalfa and Ladino 
clover leaves were taken from infested and uninfested field cages for 
moisture-content and cryoscopic determinations, duplicate 50-¢ 
samples similar to those of 1931 were preserved in alcohol for analysis. 
These samples were stored for approximately 2 months, then extracted 
and analyzed for carbohydrates and nitrogen by methods comparable 
in general with those used the previous year. However, in determin- 
ing sugars in 1932 the reduced copper was determined by the perman- 
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ganate method (volumetric) instead of by direct weighing. Further, 
starch was hydrolyzed by fresh saliva instead of by freshly prepared 
malt diastase, and in addition to the starch determinations reported 
as starch 0.2-g samples of the oven-dry residues from alcoholic extrac- 
tion were subjected to direct acid hydrolysis. The results of these 
determinations are reported as dextrose under the heading Total 
acid-hydrolyzable substances. In 1932 the Kjeldahl determinations 
were modified to include the nitrogen of nitrates (Gunning method). 
Further, the chlorophyll nitrogen was not included with the other 
soluble nitrogen; since after the alcoholic extracts were made up to 
volume, the chlorophyll was separated out in a layer of chloroform 
at the bottom of the volumetric flasks and subsequently discarded 
except where it was necessary in a few cases to determine total solids 
in the extracts. It is thought that this small amount of nitrogen 
lacking from the analyses of both the yellowed and green leaves is of 
little consequence as far as the significance of the results is concerned. 
The results of the 1932 analyses are also presented in tables 1 and 2. 

The data in table 1 show that in 1932, as in 1931, the yellowed leaves 
of alfalfa from field cages infested with Empoasca were higher in 
reducing sugar, sucrose, total sugar, starch and soluble nitrogen but 
lower in insoluble nitrogen than the healthy green leaves. They show 
further that the yellowed leaves were much higher in total acid- 
hydrolyzable substances than the green leaves from uninfested cages. 
The data presented in table 2 show that the chemical changes in 
leaves of Ladino clover reddened by Empoasca in 1932 were similar in 
all respects to those in 1931 and in yellowed alfalfa leaves both years. 
The determinations of total acid-hyrolyzable substances in the 1932 
Ladino samples, not presented in the table, showed that the reddened 
leaves contained 4.09 percent, whereas the green leaves contained only 
2.30 percent. This change is comparable with the change occurring 
in soled alfalfa leaves (table 1). 


PHYSICAL AND CHEMICAL CHANGES IN ALFALFA AND CLOVER LEAVES AFTER 
INJURY BY LIVE STEAM 


On March 23, 1932, a sample of Ladino clover leaves, reddened and 
yellowed by girdling the petioles with live steam, was preserved in 
alcohol for analysis. This sample consisted of 25 leaves, the petioles 
of which had been steamed on March 8, and 29 leaves, the petioles of 
which had been steamed on March 12, 1932. A comparable sample 
of healthy green leaves from the same plants was preserved at the 
same time. The leaves were collected between 1 and 1:30 p.m.; the 
day was clear and warm. The sampling technic was similar in all 
respects to that just described for the sample of Ladino clover leaves 
reddened by the feeding of individual Empoasca fabae upon restricted 
areas of the leaf petioles. The green weight of the 54 vellowed and 
reddened leaves was 12.686 g; that of the same number of green 
leaves was 13.585 g. 

On April 16, 1932, samples of yellowed and healthy green alfalfa 
leaves, comparable with those just discussed, were preserved in 
alcohol. The stems of the alfalfa shoots bearing the yellowed leaves 
had been girdled with live steam on March 8 and 12, 1932. The 
sample of yellowed leaves was taken from 70 girdled shoots distributed 
on 26 plants. The sample of green leaves was collected from the 
same number of ungirdled shoots on the same plants. The green 
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weight of the sample of yellowed and reddened leaves from the steamed 
shoots was 90.907 g; that of the green leaves from unsteamed shoots, 
92.7 g. These samples were kept in a dark place for approximately 
6 months and were analyzed for carbohydrates and nitrogen at the 
same time as the samples from infested and uninfested field cages 
preserved on August 29 and 30, 1932. The methods of analysis 
employed have already been outlined. 

The results of the analyses of these samples are presented in table 3, 
and show that leaves of alfalfa and Ladino clover, yellowed ‘and 
reddened by girdling the stems and petioles, respectively, with live 
steam, were higher in reducing sugar, sucrose, total sugar, total 
acid-hydrolyzable substances, and soluble nitrogen, but lower in 
insoluble nitrogen than healthy green leaves from the same plants. 
It shows further that the yellowed leaves of alfalfa were higher in 
starch than the green leaves from ungirdled shoots. Because of the 
small size of the Ladino samples, no starch determinations were 

















FiGuRe 11.—Todine test for starch in leaves of Ladino clover: A, Leaf reddened!by girdling the petiole 
with live steam; B, a green ungirdled leaf from the same plant. The dark purple color of the reddened 
leaf indicates the starch congestion that occurred in the leaves with girdled petioles 


possible. However, figure 11, which shows a reddened and a green 
leaf stained with iodine-potassium iodide after removal of the pig- 
ments with boiling alcohol, illustrates the starch congestion which 
occurred in the leaves with girdled petioles. 

These analyses indicate that the yellowing and reddening of the 
alfalfa leaves on girdled shoots and of the Ladino clover leaves with 
girdled petioles are due to an overaccumulation of carbohydrates 
above the girdled regions. The chemical changes occurring in alfalfa 
and Ladino clover leaves yellowed and reddened by the potato leaf 
hopper, as shown by the analyses presented in tables 1 and 2, are 
comparable in all respects with those occurring in the leaves with 
similar pathological symptoms produced by artificial girdling of 
petioles and stems by means of live steam. This would appear to 
be further evidence that this leaf hopper acts merely as a mechanical 
agent in producing the yellowing and reddening of forage legumes. 
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TABLE 3.—Chemical data on alfalfa and Ladino clover leaves yellowed and reddened 
by artificial girdling of the stems and petioles, respectively, with live steam, as 
compared with the normal leaves, in greenhouse at the Arlington Experiment 
Farm, Rosslyn, Va., 1932 


Chemical composition on basis of green weight 


Green Total 
‘ i ry “y 
Plant ¢ weight | Dry acid- 
at and condition of sam-| matter | Redue-| o4 | -potal Rn Soluble} Insolu- 
ples | ing | crose! sugar ! Starch lyzable| Bitro- | ble ni- 
sugar ! . ‘sub- gen? | trogen 
stances! 

Alfalfa: 3 Grams |Percent |Percent |Percent |Percent | Percent | Percent | Percent | Percent 
Yellowed by girdling 90. 907 32. 46 1.15 0. 95 2.1 8. 78 13.52 | 0.095 0. 504 
Healthy green 92.700 | 26. 46 .23 . 57 .80; 2.39 5. 00 . O84 1. 057 

Ladino: ¢ | 
Reddened by girdling 12.686 | 21.11 2. 51 1. 59 4.10 4.42 . 241 456 
Healthy green 13. 585 16.17 57 . 65 1. 22 2. 54 . 066 . 677 


! Expressed as dextrose 

* Chlorophyll nitrogen was not included because of the analytical method employed in 1932 

’ Samples were preserved in alcohol on Apr. 16, 1932 (35 to 39 days after the stems were steamed) 
‘ Samples were preserved in alcohol on Mar. 23 (11 to 15 days after the petioles were steamed). 


FURTHER EVIDENCE AGAINST VIRUS AND TOXIN HYPOTHESES 


It appeared from the literature that no attempt had been made to 
produce symptoms characteristic of leaf-hopper injury by artificial 
inoculation of forage legumes or to determine whether the symptoms 
would develop on plants started as shoot cuttings from plants 
yellowed and reddened by leaf-hopper infestation. It seemed 
desirable, therefore, to make experiments along these lines to test 
further the possibility of a virus or toxin being present. 

During the summer of 1931 three sets of artificial inoculations were 
made by means of (1) juice extracted from crushed leaves of yellowed 
alfalfa and from reddened Ladino clover plants from infested field 
cages, and (2) juice extracted from macerated adults and nymphs 
of Empoasca fabae removed from field cages in which they had fed 
and had produced typical symptoms of the injury on alfalfa and 
Ladino clover. In each set of inoculations, check plants were inocu- 
lated with juice from crushed green leaves from uninfested field cages 
and juice from macerated adults and nymphs of Aceratagallia san- 
guinolenta (Prov.), a leaf hopper occurring on alfalfa but not able to 
produce a yellowing of the leaves as does EF. fabae. All inoculations 
were made by holding a drop of the extract in a flamed loop needle 
successively against the leaf blade, petiole, and stem of a healthy 
plant (alfalfa, Ladino clover, red clover, or cowpea) and scratching 
or pricking the plant with a flamed pointed needle through the drop 
of extract. An attempt was thus made to introduce the extract 
prepared from the macerated material into the healthy plant at 
from 10 to 20 different points. The inoculations were made and the 
plants held in an insect-proof greenhouse and observed at regular 
intervals over a period ranging from 10 to 14 weeks. Only negative 
results were obtained; and although the number of plants inoculated 
is not very large (82 in all), it appears that if a specific inciting agent 
(virus or toxin) is involved in the production of the symptoms of 
Empoasca fabae injury on forage legumes it is not readily transmissible 
by mechanical means. 
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In July 1932, 369 shoot cuttings were made from heavily infested 
and yellowed alfalfa plants growing in the field at the Arlington 
Experiment Farm. The cuttings were placed in flats of moist sand, 
fumigated with volatile nicotine, and taken into a screened green- 
house. At the same time, 80 shoot cuttings were made from infested 
reddened Ladino clover plants and were handled in the same way. 
Seventy-seven of the alfalfa cuttings and 79 of the Ladino cuttings 
rooted in the sand and developed new top growth which was healthy 
green in color. In August these rooted cuttings were placed in pots of 
soil, and the potted plants were kept under observation for approxi- 
mately 5 months. No symptoms of the leaf-hopper injury developed 
on any of these plants. The negative results secured in these tests 
are further evidence that the symptom complexes caused by the 
potato leaf hopper on forage legumes are not due to the transmission of 
a virus or toxic substance by this insect. 

Still further evidence on this point is furnished by data on the 
relation between length of feeding of individual Kmpoasca fabae 
upon restricted areas of the petioles of Ladino clover and the production 
of wilting or reddening and yellowing above the point of insect feeding. 
Were a virus or toxic substance introduced by the leaf hopper in feed- 
ing, it would seem probable, because of the potency of minute quan- 
tities of these substances, that a feeding exposure of 8 hours would 
produce almost as many and as severely injured leaves as a feeding 
exposure 2 or 3 times this length. Such evidently is not the case, 
since the data presented in table 4 show that a definite correlation 
exists between the length of time that individual Empoasca fabae feed 
upon leaf petioles of Ladino clover and the number of leaves that 
develop symptoms of the injury. 


TABLE 4.—Relation between length of feeding of individual Empoasca fabae upon 
restricted areas of the leaf petioles of Ladino clover and the production of symptoms 
of injury above the regions fed upon, in greenhouses at the Arlington Experiment 
Farm, Rosslyn, Va., between Jan. 8 and Mar. 24, 1931 


| Leaves 








E. fabae ies prea | Leaves 
Feeding exposure (hours) used in | ee | Leaves redde ned | showing no 
test edon | wilted and yel- symptoms 
| | lowed 
| 
| 
Number | Number | Percent Percent | Percent 
so vieamaian 23 49 | 0 18.4 81.6 
16. Sila tied Satenehcetbamnl 23 | 56 0 62.5 | 37.5 
ESE Se Oe ok es en ee | 17 | 38 | 44.7 | 47.4 7.9 


Smith and Poos (29) found that a single leaf hopper in 24 hours of 
feeding upon a cowpea petiole made 14 punctures into the phloem and 
injured 5 of the 7 vascular bundles. It appears quite probable, there- 
fore, that in 24 hours of feeding upon Ladino petioles, which contain 
only 5 vascular bundles, an adult Empoasca fabae would injure a high 
percentage of the petioles fed upon to such an extent that pathological 
symptoms (wilting or reddening and yellowing) would result. In 16 
hours of feeding fewer petioles would be injured to this extent, and in 
8 hours of feeding still fewer would have the phloem injured sufficiently 
to cause symptoms to develop. 

It is recognized that the technic employed in these feeding tests is 
open to the criticism that the small cages made it necessary for the leaf 
hoppers to circle the petioles in seeking food and that perhaps under 
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natural conditions they would not feed in this manner. However, 
field observations of the habits of this leaf hopper reveal that in feed- 
ing it moves sidewise around the petioles and stems with great ease. 
[t would appear that this habit of moving around the petioles and stems 
while feeding upon the veins is correlated with the ability of the potato 
leaf hopper to injure sufficient vascular tissue in petioles and stems to 
cause pathological symptoms to develop. 


DISCUSSION 


Evidence has been presented indicating that the reddening and 
yellowing produced on forage legumes by the potato leaf hopper are 
due, not to the injection of a specific inciting agent but to an accumu- 
lation of the carbohydrate products of photosynthesis above the 
points where a plugging of the phloem tissues is caused by the leaf 
hopper in its feeding upon the veins of stem tips, petioles, and leaf 
blades. A more detailed exposition of the writer’s conception of the 
altered physiology underlying the production of the pathological 
symptoms on infested plants is here presented, together with a review 
of some of the literature bearing upon the various symptoms discussed. 

The reddening and purpling of the leaves and stem tips appear to 
be due to the development of anthocyanin as a direct result of the over- 
accumulation of sugars in the regions distal to the points of feeding. 

Boodle (3) in 1903 observed the development of anthocyanin in 
localized areas of the leaves of Rhewm supplied by veins which had 
been accidentally severed. He obtained similar results with evening 
primrose, Oenothera biennis L., by severing the midrib of the leaf 
about its middle. He concluded that— 
this operation interrupted the channel by which the carbohydrate products of 
assimilation are normally removed from the leaf so that sugar accumulated above 
the cut and this concentration of soluble carbohydrates led to the development of 
anthocyanin. 

Mirande (18) in 1907 reported that the reddening of the leaves of 
cherry and other plants associated with the lesions caused by the 
feeding of the larvae of several dipterous and lepidopterous insects 
was quite localized, anthocyanin forming only in the regions where 
local interruption of the phloem tissue led to the accumulation of 
glucose and tannins. He concluded that in the cases he studied the 
conditions of reddening were entirely chemical on the side of the 
plant and purely mechanical on the side of the insect. In the writer’s 
opinion the same conclusion is warranted in the case of the reddening 
caused by the potato leaf hopper on forage legumes. 

The yellowing of the leaves appears to be due to a diminution in 
the plasma and chlorophyll content of the chloroplasts in the meso- 
phyll cells distal to the points of insect injury. 

Molisch (19) in 1916 confirmed the observation of Zacharias (34) 
that the chloroplasts are the parts of the leaf cell richest in protein, 
and reported further that green leaves gave intense and yellow leaves 
very weak color reactions with the xanthoproteic, biuret, and Millons’ 
tests because of the disappearance of the stroma of the chloroplasts 
during yellowing. Meyer (1/7) in 1918 showed that with age the 
plastids in the leaves of Tropaeolum majus L. become smaller and 
the chlorophyll content decreases. He correlated these differences 
with a breaking down of the reserve proteins in the plastids as the 
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leaves age. Kraus and Kraybill (14, p. 71) have observed in tomato 
stems and Reid (22, 23, 24) has observed in the leaves of squash 
seedlings a diminution in the plasma and chlorophyll content of 
chloroplasts similar to that attributed by Meyer to aging processes 
but brought about relatively early in the life of the plant by environ- 
mental conditions which produce an accumulation of carbohydrates 
in connection with a very limited nitrogen supply. The writer would 
consider the yellowing caused by the potato leaf hopper as a pre- 
mature aging of localized areas of plant tissue brought about by an 
overaccumulation of carbohydrates and a relative or perhaps actual 
deficiency of nitrogen in the cells above the points where the hoppers 
have fed upon the veins. The shift of nitrogen in the yellowed and 
reddened leaves from the insoluble to the soluble form (tables 1, 2, 
and 3) would appear to indicate a breaking down of the reserve 
proteids in the plastids similar to that observed by Molisch and 
Meyer in leaves yellowing because of normal aging processes. 

The rigidity of the reddened and yellowed leaves, which when 
separated from the plant remain turgid much longer than the healthy 
green leaves, appears to be due to the fact that these are high-sugar 
leaves and have an increased osmotic pressure. 

The stunting of the plants infested with Empoasca appears to be 
due to their inability to translocate the manufactured carbohydrates 
from the leaves to the stem tips, where vegetative extension normally 
occurs. Kraus and Kraybill (/5) have pointed out that retarded 
growth and starch accumulation would be the expected results if the 
manufactured carbohydrates in a plant were not utilized in vegeta- 
tive extension or the production of reproductive parts. 

The congestion of sugars and starch in localized regions of the 
injured plants apparently stimulates to development lateral buds 
which would remain dormant under normal conditions. The pro- 
liferation of lateral shoots is a frequent symptom of Empoasca fabae 
injury on alfalfa. This symptom may be considered an attempt on 
the part of the plant to restore its metabolic balance by utilizing in 
vegetative extension the rapidly accumulating carbohydrates. 

Tip and marginal burning on the leaves and the wilting of entire 
leaves and shoot tips are symptoms which apparently may be due to 
different underlying causes on different hosts. The relatively late 
marginal necrosis which develops on mature clover and alfalfa leaves 
appears to be a final stage in the pathological symptoms caused by 
overaccumulation of carbohydrates in the leaves. On the other 
hand, the rather rapid burning of the leaf margins of infested potatoes 
and glabrous soybeans and the rapid wilting of entire leaves and 
shoots of seedling clover and alfalfa indicate that a serious inter- 
ference with water movement in the plants must be involved. 

By their histological studies Smith and Poos (29) showed that in 
some instances the feeding of an adult Empoasca fabae upon a petiole 
resulted in a plugging of part of the water-conducting tubes of the 
xylem, and they reported that the wilting of the plant tissue above 
the point of feeding is evidently a result of this vascular occlusion. 
However, the writer has already described an experiment which 
shows that mechanically severing 3 or 4 of the 5 vascular bundles in 
a clover petiole will not cause rapid wilting of the tissue above the 
injury, as occurs in some cases following the feeding of an adult 
FE. fabae for 24 hours upon a comparable area of the petiole. 
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It appears from this experiment that the wilting must be due to a 
practically complete stoppage of water movement through the pet- 
iole or young shoot and that other factors in addition to partial 
vascular occlusion probably are involved. 

Mention has been made of the theory advanced by Lutman (16) 
that the leaf hopper in sucking the juice from the veins removes the 
water from the tubes and from the adjacent sieve tubes, companion 
cells, and elongated parenchyma to such a degree that these struc- 
tures plasmolyze and collapse to a point where they cannot regain 
their turgidity, and that as a consequence they die and become 
brown. Fenton and Hartzell (6) recorded distortion and collapse of 
the veins for a short distance beyond the immediate yellowed and 
necrotic area as a constant symptom of hopperburn on potato. The 
writer has observed a similar collapse of the veins just behind the 
injured area on the leaves of glabrous soybeans beastly infested with 
Empoasca. The marginal yellowing and browning on the leaves of 
these plants closely resembles the hopperburn of potato. The 
writer has called attention (fig. 1) to the collapse of the region of the 
petioles of Ladino clover upon which individual EF. fabae have been 
confined for 24 hours. As shown in figure 1, the collapse of the 
petiole on this host precedes the complete wilting and shriveling of 
the blade and petiole above the point of feeding. It would appear 
from these observations that in addition to occlusion of a portion of 
the water-conducting tubes, plasmolysis and collapse of the living 
cells of the veins fed upon, and possibly the entrance of air into the 
disrupted bundles are factors in producing a stoppage of water move- 
ment to the living cells beyond the points at which the leaf hoppers 
have fed. The pathological symptoms resulting are (1) the wilting 
and browning of the entire leaf or young shoot if the leaf hoppers 
feed upon the petioles or young stems and (2) the drying out and 
browning of the leaf tip and margin if the leaf hoppers feed upon the 
veins on the under surface of the leaf blades. 

Attention has been called to the similarity of the symptoms of 
this localized injury on forage legumes to those of the yellows diseases 
of plants which are systemic in nature and caused by viruses trans- 
mitted by leaf hoppers. It is interesting to note further that the 
chemical changes occurring in the leaves of alfalfa and Ladino clover, 
yellowed and reddened by Empoasca fabae and by artificial girdling 
of the stems and petioles with live steam, are similar in practically 
all respects to those reported by Spaeth and Kraybill (31) for the 
false-blossom disease of cranberry and by Rosa (25) and Shapovalov 
and Jones (26) for tomato yellows. It would appear, therefore, that 
overac pce Fo of the carbohydrate products of photosynthesis 
may play a relatively important part in the production of the external 
symptoms characterizing some of the yellows diseases of plants as 
well as in the production of the symptoms of the localized injury 
caused by the potato leaf hopper on forage legumes. 


SUMMARY 


All available evidence indicates that the pathological symptoms 
caused by the potato leaf hopper on forage legumes are not due to the 
transmission of a virus by this insect. 
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The injection of some toxic substance into the plant during the 
feeding of the leaf hopper remains a possibility but is believed to be 
improbable. 

Reddening and yellowing almost identical with those caused by the 
feeding of this leaf hopper can be produced artificially by mechanically 
severing all but one of the vascular bundles in Ladino clover petioles 
and by girdling Ladino clover petioles and alfalfa stems by means of 
live steam. 

As compared with green leaves from uninfested plants, the yellowed 
and reddened leaves of alfalfa and Ladino clover are higher in dry 
matter, osmotic pressure of cell sap, reducing sugar, sucrose, starch, 
total acid-hydrolyzable substances, and alcohol-soluble nitrogen, 
but are lower in total nitrogen because of a marked decrease in the 
insoluble fraction. 

The chemical changes in leaves reddened and yellowed by artificial 
girdling and by the potato leaf hopper are essentially the same. 

It appears that the reddening and yellowing caused by this leaf 
hopper on forage legumes are due to an overaccumulation of the 
carbohydrate products of photosynthesis above the points where inter- 
ruption of the functions of vascular tissues is caused by the leaf hopper 
in its feeding upon the veins of stem tips, petioles, and leaf blades. 

A detailed discussion is given of the physiological changes under- 
lying the various pathological symptoms. 
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PARASITISM OF soe SOLANI ON SUGAR 
BEET ' 


By E. L. LeCuierG ? 


Assistant pathologist, Division of Sugar Plant Investigations, Bureau of Plant 
Industry, United States Department of Agriculture 


INTRODUCTION 


The designation Rhizoctonia solani Kiihn has commonly been used 
for the group of pathogenes causing cortical necroses and other disease 
manifestations of various host plants. Probably the best known 
disease of this type is the black scurf or rhizoctonia disease of potato 
(Solanum tuberosum L.). A serious root rot of sugar beets (Beta 
vulgaris L.) attributed to R. solani is also well known. 

Considering the wide-spread distribution of the potato disease, the 
occurrence of root rot of sugar beets in fields previously cropped to 
potatoes suggests the possibility that the sugar-beet root disease is 
caused by organisms introduced with the potato crop, and thus the 
disease situation is intensified by the type of crop rotation. The 
problem is of especial interest in the Red River Valley section of 
Minnesota and North Dakota, since sugar beets commonly follow 
potatoes in cropping systems. The major purpose of this investiga- 
tion was to determine if such interrelation existed between the diseases 
of the two hosts. 

The existence of distinct strains within the Rhizoctonia solani group 
has been shown by many writers, notably Rosenbaum and Shapovalov 
(20),* Edson and Shapovalov (4), Matsumoto (/2), Gratz (8), Van 
der Meer (13), Walker (23), Lauritzen (11), Wiant (26), and Elmer 
(5). In some cases strain differentiation has been based on morpho- 
logical differences, but usually the criterion has been differences in 
pathogenicity or in growth form in artificial culture. Opinion has 
not been concordant as to the nature of these strains. Peltier (17), 
who carried on extensive comparative studies, concluded that ‘‘no 
marked specialization was noted in any of the strains’, and the con- 
clusions drawn by some other workers (/, 14) coincide with this 
viewpoint. 

Since it has been shown that the organisms included under the name 
Rhizoctonia solani are in fact a complex group of strains, any attack 
that might adequately test the possibilities of the problem needs to 
deal with many cultures collected over a considerable geographic area 


1 Received for publication May 1, 1934; issued September 1934. Cooperative investigations by the Divi- 
sion of Sugar Plant Investigations, Bureau of Plant Industry, U.S. Department of Agriculture, and the 
Division of Plant Pathology and Botany of the Minnesota Agricultural Experiment Station. Submitted 
to the faculty of the Graduate School of the University of Minnesota in partial fulfillment of the require- 
ments for the degree of doctor of philosophy, granted June 6, 1932. Paper no. 1190 of the Journal Series of 
the Minnesota Agricultural Experiment Station. 

2 The writer gratefully acknowledges his indebtedness to G. H. Coons and J. E. Kotila, of the Division 
of Sugar Plant Investigations, and to E. C. Stakman and J. G. Leach, of the Minnesota Agricultural Ex- 
periment Station, for suggestions and criticisms during the course of the investigations; to Dr. Stakman 
for suggestions in the preparation of the manuscript; and to F. R. Immer, of the Division of Sugar Plant 
Investigations, for advice regarding statistical analysis of some of the data. The writer desires to thank 
A. G. Tolaas, of the Minnesota Station, for supplying much of the potato material. The writer is also 
indebted to workers in Minnesota and various parts of the United States for transfers from stock cultures. 

3 Reference is made by number (italic) to Literature Cited, p. 430. 
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in order to cover a broad cross section of the group. Seventy-eight 
cultures, of which 51 were obtained from sugar beets and 27 from po- 
tatoes, were selected from several hundred isolations, attempt being 
made to include those from diverse geographical locations. The 
list of isolates with the laboratory numbers assigned is given in table 1. 
These organisms are referred to as isolates rather than strains, the 
latter term being reserved for use after distinctive characteristics 
have been established. 


TABLE 1.—Sources of isolates of Rhizoctonia solani used in present investigations 


Year of 

Isolate no Host Location | By whom isolated | isola- 
tion 

R-50 Sugar beet Rocky Ford, Colo D. Stewart 1927 
R-51 do Fort Collins, Colo LeClerg. 1924 
R-52 do Chino, Calif D. Stewart 1927 
R-53 do East Grand Forks, Minn LeClerg | 1930 
R-M4 do - ... oe... 1930 
R-55 do / do 1930 
R-6 do do do__. 1930 
R-57 do / SSS ‘ - do... 1930 
R-58 do__. / eee é do_._- 1930 
R-59 = do do... ‘ 4 ~~ ee --| 1930 
R-60__- do. do__. " .--| 1930 
R-61 a : Chaska, Minn Me oan. 1930 
R-62 . do__. ° Ses do._. 1930 
R-63 do Worthington, Minn do 1930 
R-64 Gh... Oslo, Minn__-. , do.__. 1930 
R-65_-- do do. do_. ; 1930 
R-66 do do_.. do__. 1930 
R-67 do Mankato, Minn do 1930 
R-68 do... do. ee 1930 
R-69 do "ae do 1930 
R-70 do Oslo, Minn ; do 1930 
R-71- do do__. z A do 1930 
R-72 do Mankato, Minn___- do. 1930 
R-73 do... do. @o.... 1930 
R-74 do do do 1930 
R-75 do_. Oslo, Minn do__. 1930 
R-76 do__. do__. do__. 1930 
R-78 do Mankato, Minn_._. do_. 1930 
R-80 , Oslo, Minn-.-_-.-_-- do... - -| 1930 
R-SI do do. me do__. 1930 
R-82 do _ do. _do__. e 1930 
R-&83 . es <= : do 1930 
R-84 do a ae ree 7“ 1930 
R-85 do ..... do 1930 
R-8S do__. Mankato, Minn__.- do___. 1930 
R-93- do___. Colorado-_-- ceeutanh D. Stewart -| 1925 
R-94 - do__. Michigan - - - 7 : J. E. Kotila 1930 
R-95 do__. é ae 1930 
R-96__. do — tes do z 1930 
R-97 7 do _.do z do 1930 
R-98 ~ do s a do = 1930 
R-99 do__. do 1930 
R-100 do | sar , See ‘ 1930 
R-101. do_. Colorado-_. . D. Stewart 1925 
R-102 do California = do 1927 
R-103 do Michigan - - .__- ‘ J. E. Kotila 1930 
R-104 ....do do__. ee 4 do___- 1930 
R-105 do — = = 4 do. 1930 
R-106__. do : do... ais Soe 1930 
R-109 do Chaska, Minn- LeClerg___. 1930 
R-110 Potato St. Paul, Minn___. do__. 1930 
R-114 do Moorhead, Minn do 1930 
R-115 do Guthrie, Minn do.... 1931 
R-116 do Fosston, Minn do 1931 
R-117 do Clearbrook, Minn do___. 1931 
R-118 do Fosston, Minn do 1931 
R-119 do Grand Forks, N.Dak do... 1931 
R-121 do Glyndon, Minn do 1931 
R-122 do do do___. 1931 
R-123 do = : 1931 
R-124 do St. Agatha, Canada do_... 1931 
R-125 do do. do... --| 1931 
R-126 do Dilworth, Minn___. do 1931 
R-127 do ; ..do oni o... ..| 1931 
R-128 do <— eae aaa ide do__. : 1931 
R-129 do__. : eee ‘ ..do ns 1931 
R-130- a a SO Ft A ee ——— Sess 
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TABLE 1.—Sources of isolates of Rhizoctonia solani used in present investigations— 


Continued 
| | 

| | Year of 

Isolate no Host | Location By whom isolated | isola- 

| | tion 

| 

R-131 | Potato..-.. , Moorhead, Minn... -...-- __| H. Darling | 1931 
R-132 do . : Dilworth, Minn__.- LeClerg 1931 
R-133 Sugar beet . - East Grand Forks, Minn ' ad .-| 1931 
R-134_- Potato...... x Grand Forks, N.Dak__. ‘ do | 1931 
R-135 ; — . Dilworth, Minn_-__. — * ; | 1931 
R-136 aa do_- do___- . ae | 1931 
R-137 | Glyndon, Minn ; CBiave 1931 
R-138 do_. @0..c do___. 1931 
R-139 do io do___. ee do 1931 
R-140 do__. Laramie, W yo- i G. H. Starr 1932 
R-141 ada .do a a ETS aes fe Ve fy 


EXPERIMENTAL RESULTS 


The experimental results of this investigation are presented under 
two heads: (1) Physiological Studies, in which data are given on 
differences in cultural and other reactions of the isolates, and (2) 
Pathogenicity Studies, in which are summarized pathogenicity tests 
of isolates on seedlings of various hosts and mature roots of sugar beets. 


PHYSIOLOGICAL STUDIES 
RATE oF GRowTH 


The rate of growth for a number of isolates was obtained by measur- 
ing the increase in diameter of colonies on potato-dextrose agar and 
malt-extract agar at 26° to 28° C. Two cultures, sometimes three, 
were measured 72 hours after inoculation. The average increase per 
day was determined from these data and is given in table 2. 


TABLE 2.—Average daily growth of isolates of Rhizoctonia solani on 2 different 





media 
. | | 
Average daily | Average daily 
growth on | growth on 
Isolate no Isolate no. 
Potato- Malt- Potato- Malt- 
dextrose | extract | dextrose | extract 

agar agar agar | agar 

Mm | Mm _ | Mm Mm 
R-50 16.8 || R-68 = | 23. 6 22. 8 
R-95 8.3 || R-65 24.0 23. 1 
R-105 22.0 || R-73 24.0 | 18.3 
R-61 21.0 H] R-59 inna ‘ 24.3 | 18.0 
R-84 22.1 || R-53 a 24.5 | 22.8 
R-97 22.0 R-110! 24.5 17.8 
R-62 19.5 || R-100 . 24.6 19. 6 
R-72 15.6 || R-5l 24.8 22. 1 
R-78 18.6 || R-56 25.0 23.3 
R-67 | 20.3 R-106 25.1 | 26. 5 
R-101 21.0 || R-74 26.3 21.8 
R-57 20.5 || R-54 28. 6 18. 6 
R-85 23.3 R-96 29.5 27.8 
R-55 26.3 || R-99 29.5 26. 8 
R-66 21.5 || R-114! 29.8 20. 3 
R-69 22.0 || R-52 30.1 31. 6 
R-80 18.8 || R-94 30. 5 34.1 
R-60 18.0 i R-102 30.7 36. 0 
R-63 17.8 | 
R-103__. ee ee 23.1 || Average. __...-- 23,840.42 |21.740.54 
R-58 = eee aoe ee 15.0 


| 


! Obtained from potatoes; the other isolates were obtained from sugar beets. 
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Marked differences in the rates of growth existed among the isolates. 
It is to be noted that the rate of growth of an isolate is influenced by 
the medium upon which it is grown. For example, R—-54 grew more 
rapidly on potato-dextrose agar than on malt-extract agar, whereas 
R-50 grew more rapidly on the latter. Isolate R—54 showed the great- 
est average difference, 10.0 mm, in daily growth rate on the two media. 
Taking all isolates into consideration, the average daily growth was 
23.8 mm on potato-dextrose agar and 21.7 mm on malt-extract agar. 
While the results point definitely to physiological differences among 
the isolates, it is doubtful if separations could be made on this basis. 


ErFrect oF TEMPERATURE ON RATE OF GROWTH 


The effect of temperature on the rate of growth of the mycelium of 
a number of isolates on potato-dextrose agar was determined. Petri 
dishes of uniform size were selected and sterilized, and 10 cc of sterile 
potato-dextrose agar was poured into each dish. The agar, after 
hardening, was inoculated with mycelial inoculum of uniform size, 
placed near the center of the dish. Three dishes of each isolate were 
placed at each of the following temperatures: 1°, 5°, 8°, 15°, 20°, 25°, 
30°, 35°, and 40°C. The temperature of the chambers varied approx- 
imately 1°. The measurements from which the averages were ob- 
tained were made 60 hours after inoculation. The individual readings 
from a plate seldom varied more than 1 mm from the mean of three 
replicates. 

The results of this test are summarized in table 3. There is indica- 
tion that the isolates differ as to cardinal points of temperature. It is 
interesting to note that at 8° C. growth of R-53, R-62, R—-103, and R-63 
(sugar-beet isolates) was markedly less than that of R—114 (potato 
isolate), whereas at 35° the four sugar-beet isolates grew a trace and 
the potato isolate failed to grow at all. 


TABLE 3.—Effect of temperature on growth of 5 isolates of Rhizoctonia solani 
on potato-dextrose agar 


[Results given as colony diameter (in millimeters) of colonies 60 hours after inoculation] 


Average colony diameter 


Temperature (°C.) 


R-53 R-62 R-103 R-114! R-63 
Mm Afm Mm Mm | Mm 
! . 0 0 0 0 | 0 
5 0 0 0 1.0 0 
Ss . 1.6 3.6 (2) 11.3 2.6 
15_- 30.3 | 23.3 28.3 30. 6 11.3 
... < 64.6 61.3 68. 6 68. 6 55.3 
, ae = 81.0) 7u.0 73.3 77.3 74.6 
30 80. 0 75.6 78.0 66.3 aU. 3 
35... (4) (2) (?) 0 () 
40. 0 0 0 0 0 
! Obtained from potatoes; the others were obtained from sugar beets 2 Trace 


All the isolates grew well between 20° and 30° C., but none grew 
at 40°. The optimum temperature was between 25° and 30° for the 
sugar-beet isolates and between 20° and 25° for the potato isolate. 
Low temperature (1°) appeared to inhibit growth without causing 
permanent injury to the fungus. Some cultures were kept at this 
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temperature for 4 weeks without visible signs of growth, but when 
transferred to a higher temperature (25°) promptly resumed growth. 

These results agree in general with previous reports on the growth- 
temperature relations of different cultures of this fungus. Matsumoto 
(12), working with three “strains” (P1, potato; P4, potato; H, 
Habenaria sp.), found the optimum temperature to be about 24° C, 
Wellman (24) found that cabbage Rhizoctonia grew best at 23° to 27°, 
while Walker (23), in investigating the “ soreshin”’ disease of cotton, 
found the optimum for his strain to be between 27° and 29°, the 
maximum at 38°, and the minimum between 7° and 11°. Monteith 
and Dahl (1/4), in testing nine cultures of Rhizoctonia solani, found 
the optimum temperature for growth to be 25° to 30°. Gratz (8) 
states that the optimum temperature for R. solani from cabbage is 
24°. Newton (/6), working with a potato culture, found the mini- 
mum temperature to be 6°, the optimum 25°, and the maximum 32°. 
Miiller (1/5) reported a temperature range of 4.5° to 30.8° and an 
optimum of 24° for the /1ypochnus solani (Rhizoctonia solani) that he 
investigated. Richards (/9) found that growth occurred through a 
range of temperatures from 4.6° to 32.5°, with an optimum between 
25° and 27°. 


RELATION OF Sot. TEMPERATURE TO INFECTION 


Edson (3) states that “in the case of the Rhizoctonia root-rot of 
the sugar beet, soil temperature is a more important factor than soil 
texture’’, and that frequently ‘‘beets completely recovered during 
the cooler weather which set in a few days after the inoculations were 
made.’ 

Experimental data from plants grown under controlled conditions 
were obtained to determine the effect of soil temperature on the 
incidence and development of root rot of sugar beets caused by 
Rhizoctonia solani. One of the isolates (R-62) obtained from sugar 
beets was used in these tests. Soil cans of the temperature tanks 
were filled with equal quantities of steamed soil, and, to insure com- 
parable results, effort was made to maintain uniform moisture in the 
cans throughout the experiment. Tap water was added to the cans 
needing it; those at the higher temperatures required considerable 
each day, while those at lower temperatures required less. The 
figures given for soil temperatures are the average daily readings 
obtained from a thermometer thrust to a depth of 2 inches in the soil 
at the center of the can. Some deviations in temperature due to 
surface effects are to be expected, although the readings from which 
the averages were obtained seldom varied more than 1° from the 
mean. Small sugar-beet roots (about 11 to 2 inches in diameter) 
were planted in the steamed soil, where they were allowed to grow 
until a number of leaves had been produced. After this the cans 
were allowed to stand 24 hours at the various temperatures before 
the roots were inoculated by placing a small quantity of grain inocu- 
lum * close to each root, about 1 inch below the surface of the soil. 

From the experiment made in 1932 (table 4), it was found that 
Rhizoctonia solani (R-62) required an average period of 6 days at 
25° C. and 10 days at 33.1° to kill sugar beets, while the period was 

‘ For the sake of brevity, when cultures of the pathogene grown on agar medium in Petri dishes were 


used, the inoculum is referred to as ‘‘agar inoculum”’; similarly, cultures grown on steamed oat and wheat 
kernels are referred to as “grain inoculum’”’. 
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lengthened greatly at lower temperatures. It may be noted that the 
time required for the pathogene to kill all inoculated plants increased 
with decrease of soil temperature below the optimum. At 15° the 
rate of decay was exceedingly slow, only about 50 percent of the 
total tissue of each root having been destroyed at the time the experi- 
ment was terminated.> All uninoculated plants remained free from 
disease. 


TABLE 4.—Effect of soil temperature on root-rot of sugar beets, caused by Rhizoc- 
tonia solani (R-62) 


[Results are stated as averages based on 12 plants at each temperature in experiment 1 and on 6 plants in 
experiment 2] 


Experiment | (roots in- | Experiment 2 (roots in- 
oculated Jan. 18, 1932) | oculated Jan. 28, 1933) 


Average soil temperature (°C.) 


Period Period 
| before all Decay before all Decay 
plants were; produced | plants were| produced 
dead | dead | 
Days Percent Days Percent 
15.0 >28 50 | 
17.8 28 100 
18.1 >15.0 | 40.8 
18.4 26 100 ninialniacaion 
19.0 23 100 | 
20.7 18 100 : 
22.0 >15.0 79. 2 
24.3 - > 15.0 94.2 
25.0 6 100 F ‘ 
27.0 >15.0 95.8 
30.9 : 12.8 100. 0 
33.1 10 100 — ‘ 
34.7 5, B 15.0 100. 0 


A second experiment to determine the effect of soil temperature 
on root rot was made in 1933, but was terminated before all plants at 
the different temperatures had been killed. The results are summa- 
rized in table 4. The average time that elapsed between inoculation 
and death of 6 roots was 12.8+2.4 days at 30.9° C., and 15.0+4.9 
days at 34.7°. Because of the high probable error at 34.7°, it is doubt- 
ful whether the difference between the number of days at this tem- 
perature and at 30.9° is significant. These data agree with the 
results of 1932 and show that Rhizoctonia solani (R-62) is most 
destructive at the higher soil temperatures. At temperatures below 
the optimum, the amount of decay at harvest decreased with decrease 
in temperature, and considerably more time would have been required 
to rot the roots completely at these temperatures. All uninoculated 
plants remained free from disease. 


Errect oF HyDROGEN-ION CONCENTRATION ON GROWTH ON ARTIFICIAL MEDIA 


The growth of five isolates of Rhizoctonia solani was studied on 
potato-dextrose agar adjusted to different hydrogen-ion concentra- 
tions determined by means of the quinhydrone electrode. The 
quantity of medium in each Petri dish was uniform (10 ec), and dishes 

5 In this experiment and in many others reisolations were made from affected plants, and the organism 
obtained was compared with the original one used for inoculation. Pure cultures often were obtained 


directly from the platings. In no case was it impossible to recover the fungus, and on comparison close 
greement with the original isolates was found. 
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of uniform size were used. The following isolates from sugar beets 
were used: R-53, R-61, R-63, and R-67; and a potato isolate, R-114. 

The results given in table 5 show that with three exceptions the 
potato isolate (R-114) grew more abundantly at all hydrogen-ion 
concentrations ‘han did any of the four sugar-beet isolates. All 
isolates grew best on an ac id medium, although the optimum hydro- 
gen-ion concentration is not the same for all. The potato isolate 
(R-114) and three sugar-beet isolates (R-67, R-61, and R-63) grew 
best at pH 6.2, as a by diameter of the colonies, while the 
other sugar-beet isolate (R-53) grew best at pH 5.6. Rabinovitz- 
Sereni (18), Gratz (8), Ww eber (24), and Samuel and Garrett (2/) 
found the optimum hydrogen-ion concentration for their strains to 
be between pH 6.5 and 7.0. 


TABLE 5.-—Average diameters of duplicate colonies of 5 isolates of Rhizoctonia 
solani, on potato-dextrose agar at different hydrogen-ion concentrations, at the 
end of 2 days 


Average colony diameter 
Hydrogen-ion concentration (pH) 


R-114' | R-67 | R-6l R-63 R-53 
| 

Mm | Mm | Mm Mm Mm 
3.2 51.5 30.5 25. 0 25. 5 | 44.0 
4.0 y 55.5 33. 0 30. 5 27.5 53.0 
4.6 59. 5 37.0 | 36. 5 29.0 54.0 
5.2 64.5 41.0 42.5 31.0 58. 0 
56 ‘ 73.0 48. 0 47.5 33.0 63. 0 
6.2 79. 5 54.5 50.5 35.0 57.5 
7.0 66. 0 28. 5 46.5 29.5 43.0 
8.0 : me r 40.0 25. 5 42.0 27.0 39.5 
9.1 , EELS ie 29.0 | 22.5 38.5 16.0 34.0 


! Obtained from potatoes; the others were obtained from sugar beets. 
CONCLUSIONS 


The preceding experiments and many others not detailed, in 
which cultures were compared under controlled conditions, showed 
definitely that the isolates were consistently different in color, growth 
form, type of sclerotia produced, rate of growth, and reaction to 
temperature and hydrogen-ion concentration. These results are of 
the same type as those of other workers who have maintained that 
such differences indicate the existence of distinct strains within 
Rhizoctonia solani. 

PATHOGENICITY STUDIES 


Tests with SuGar-BEEtT SEEDLINGS 


The isolates tested having given such strong evidence of differ- 
ences under conditions of artificial culture, tests to determine degree 
of pathogenicity and host range were undertaken with certain iso- 
lates. The methods used by Edson (3) were followed in general, 
and in some preliminary experiments various procedures were com- 
pared. In a preliminary experiment started January 15, 1931, 
sugar-beet plants of three stages of development (4-leaf, 5- to 6- leaf, 
and 8- to 10-leaf) were available for inoculation. These plants had 
been grown from pasteurized seed planted in steamed soil at weekly 
intervals. The seedlings were transplanted to 6-inch pots of steamed 
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soil and inoculated in two ways: In one set, the soil was inoculated ; 
in the other, the roots were inoculated directly by placing agar 
inoculum in contact with them. 

Infection resulted from the use of infested soil, regardless of 
whether the roots were wounded or not. The smaller plants died 
varlier than the larger ones, the time required for death being, in 
general, directly proportional to the size of the root. Similar results 
were obtained by direct inoculation of roots growing in steamed 
soil, in which case wounded plants died in one-third to one-half 
the time required for the unwounded ones. The results of both 
types of inoculation show that, in general, plants are susceptible in 
all stages of development when inoculated by either method, but 
those inoculated directly die much sooner than those growing in 
inoculated soil. The fact that unwounded plants are killed agrees 
with the observation of Edson (3), who states that ‘‘The fungus is 
capable of attacking its host at any time after germination”’, and 
‘‘voung beets 4 or 5 weeks old were readily killed * * * when 
no wound was made.’ These tests indicate that infection results 
readily either from direct inoculation or as a result of adding the 
pathogene to the soil. 


Tests with LARGE SuGAr-BEET PLANTS 


In field experiments made at University Farm, St. Paul, Minn., 
in August 1931, several different methods of inoculation were tested 
on large sugar-beet plants. These included the use of agar inoculum 
and grain inoculum on wounded and unwounded plants at the base 
of the petiole, at the ground line, and 1 inch below the surface of the 
soil. Wounds were made with a knife in imitation of cultivator 
injury. All inoculations were made in the late afternoon, and plants 
with petiole inoculations were watered thoroughly and covered with 
wet newspapers until the following morning, to provide increased 
humidity for approximately 12 hours. 

The results of these inoculations are summarized in table 6. They 
show definitely that inoculations at the base of the petiole with 
agar or grain inoculum did not give satisfactory results, although 
grain inoculum produced a higher percentage of infection than agar 
inoculum. These differences probably are to be attributed to the 
more rapid drying out of the agar inoculum. Grain inoculum 
applied either 1 inch below the soil or at the ground line produced 
more infection than at the base of the petioles; greatest infection 
occurred in roots inoculated at the ground line. With all inocula- 
tion methods, infection usually was heavier in wounded roots. Since 
inoculation of wounded roots at the ground line with grain inoculum 
resulted in 100 percent infection in two experiments, this procedure 
was adopted for all future experiments. 
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TABLE 6. 


(R-62), alt University Farm, 


Plants inoculated 


Parasitism of Rhizoctonia Slani on Sugar Beet 


Incidence and development of root rot in sugar beets, inoculated in the 
field by various methods with Rhizoctonia solani 
St. Paul, Minn. 


Plants infected 


Aver- 
Inocu- Place of inocu- Treatment of — 

lum lation plants Experi-| Experi-| Experi-| Experi-| Experi-| Experi-| _ in- 
ment 1 | ment 2); ment 3| ment || ment 2| ment 3) fected ! 
Number| Number| Number, Percent) Percent, Percent) Percent 

Agar Base of petioles Wounded 7 27 ) 0 

Do do Not wounded 14 22 7.1 0 3.5 
Grain do Wounded 17 10 26 47.1 20.0 76.9 48.0 
Do do Not wounded 17 10 26 70.6 60.0 46, 2 58.9 
Do 1 inch below soil Wounded 13 10 26 100. 0 90.0 92.3 94.1 
Do do Not wounded 15 10 26 100. 0 50.0 92.3 80.8 
Agar do Wounded 16 28 100. 0 64.3 82. 1 
Do do Not wounded 19 27 94.7 25.9 60.3 
Do Ground line Wounded 16 27 56.3 18.5 37.4 
Do do Not wounded 17 26 47.1 23.1 35. 1 
Grain do Wounded 18 18 100. 0 100. 0 100. 0 
’ Do do Not wounded 20 17| 85.0 100. 0 92.5 
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None of the control plants became infected 


CoMPARATIVE PATHOGENICITY OF ISOLATES 

Differences in pathogenicity of cultures of Rhizoctonia solani have 
been noted by a number of investigators (2, 4, 8, 12, 17, 20, 22, 26, 
and others), and several have tested the pathogenicity to other hosts 
of cultures isolated from sugar beets. Edson and Shapovalov (4) 
reported a number of such cultures of R. solani as being capable of 
‘ausing stem lesions on potatoes; two cultures from beets were 
found to be parasitic on pine seedlings by Gravatt (9) and Hartley 
(10); and a sugar-beet culture was found by Peltier (1/7) to be patho- 
genic to carnation seedlings, cuttings, and old plants. Wiant (26) 
tested the pathogenicity of two cultures from beets and found them 
capable of causing damping off of coniferous seedlings and peas, 
cabbage, eggplant, pepper, and tomato. As far as the writer knows, 
no one has tested the pathogenicity of potato isolates on mature 
sugar-beet roots; therefore pathogenicity tests were made in the 
laboratory, greenhouse, and field. 


LABORATORY TESTS WITH SUGAR-BEET SLICES 


Pathogenicity tests on slices of sugar-beet roots were made in the 
aboratory during January 1931. Roots were washed, surface- 
sterilized with 1: 1,000 solution of mercuric chloride, and rinsed in 
sterile distilled water, after which slices approximately 5 mm in 
thickness and 40 mm in diameter were cut from them. Two slices, 
in some cases three, of uniform size, after inoculation with agar 
inoculum, were placed in Petri dishes, and the amount of rot was 
noted 10 days later. The amount could not be determined from 
the inoculated surface alone, since the entire surface often was 
discolored, although the rot extended only a few millimeters into 
the tissue. Therefore each slice was cut in two at the point of 
inoculation, and each piece was compared with a set of standards 
which had been set up previously. Personal prejudice in making 
determinations was avoided by making all readings as blind notations, 
without knowledge of the isolates concerned. 
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It is recognized that results from an experiment of this kind, made 
with a limited number of beet slices, must take into account the 
variation which may exist among slices, but the data in table 7 and in 
figures 1 and 2 show that there are wide differences in the amount of 
rot produced by the sugar-beet isolates (for example, isolate R—109 
caused norot, whereas R-80 caused 93.3 percent), and that the isolates 
from potato (R-110 and R-114) produced only a trace of rot. 
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FIGURE 1.— Percentage of rot caused by some isolates of Rhizoctonia solani inoculated in slices of sugar beets 
under controlled conditions. All isolates used, except R-110 and R-114 (from potato), were obtained 
from sugar beet 


TABLE 7.—Results of inoculating sugar-beet slices with isolates of Rhizoctonia 
solani from sugar beets and potatoes 


Source of isolates ——- —- 
: é 
Number | Percent 
Sugar beet diana Ms a Godienes 36 1 37. 


Potato a ; cated 2 () 
Control m 


! The percentage of decay ranged from 0 to 93.3 percent. 
2 Trace. 


INOCULATIONS OF SUGAR-BEET ROOTS 


Extensive field experiments were undertaken to test more thor- 
oughly the pathogenicity of the two groups of isolates. A large 
number of sugar-beet roots were inoculated with 2 potato and 9 
sugar-beet isolates in the field at University Farm, St. Paul, Minn., 
in 1931. Results are given in table 8. No decay resulted in plants 
inoculated with isolates from potatoes (R-110 and R-114), whereas 
all isolates from sugar beets caused decay. The amount of rot pro- 
duced by the sugar-beet isolates differed considerably, some causing 
twice as much as others. This is illustrated by R-52 ‘and R- 69, the 
former causing 15.0 percent rot and the latter 31.6 percent. 
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FIGURE 2.—T ypical examples from experiment in which beet slices were inoculated (fig. 1), showing differ- 
ences in amount of decay produced by some of the isolates. 


TABLE 8.—Results of inoculating sugar beets in the field with isolates of Rhizoctonia 
solani at University Farm, St. Paul, Minn., 1931 


Aver- || Aver- 

Roots pa Roots aan 

Isolate no inocu- | Roots diseased | jp ar Isolate no. inocu- | Roots diseased | j1, af. 

lated fected lated fected 

roots roots 
Number, Number) Percent, Percent Number| Number| Percent) Percent 
R-114! 31 0 0 0 R-53 27 26 96. 3 24.0 
R-110! 26 0 0 0 R-62 27 27 100. 0 25.7 
R-106__- 28 1 3.6 | 15.0 R-51 25 25 100. 0 28.0 
R-52_.._- | 25 8 32.0 15.0 R-65. 23 26 92.8 29.0 
R-103__. * 32 27 84.4 19.8 || R-69 31 28 90. 3 31.6 

R-50__.. 28 15 53. 6 20.7 || Control-_- 2 432 0 0 0 


1 Obtained from potatoes; the others were obtained from sugar beets. 
2 Control plants were treated in the same manner as inoculated plants, except that the grain substratum 
did not contain any organism. 
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To test the reaction of sugar beets to a larger number of potato 
isolates, with a few isolates from sugar beets for comparison, the 
following inoculations were made. Roots about 1% to 2 inches in 
diameter were transplanted to steamed soil in 6-inch pots and grown 
until an abundance of leaf tissue had been produced. These rapidly 
growing roots were inoculated January 16, 1932. Five wounded 
roots were uniformly inoculated with grain inoculum of each isolate, 
and five uninoculated roots were maintained as controls. 

The results of this test are given in table 9. None of the 25 isolates 
from potato caused infection, whereas all the sugar-beet isolates 
caused root rot, 93.3 percent of the roots inoculated becoming infected. 
The average percentage of rot produced was 63.7 percent, the individ- 
ual readings ranging from 5.3 to 88.0 percent. 


TABLE 9.—Results of inoculating sugar-beet roots with various isolates of Rhizoctonia 
solani in the greenhouse 


Average 


. Isolates Plants Roots F 
ce late - 2CAV 
Source of isolates tested inoculated | infected dec a 
crown 
Number Number Percent Percent 
Sugar beet ‘ 6 30 93.3 63. 7 
Potato. _. 25 125 0 0 


Control 15 0 0 


! Control plants were treated in the same manner as the inoculated plants, except that the grain sub- 
stratum did not contain any organism 

More extensive inoculations were made during the summer of 1932, 
to compare the pathogenicity of a large number of isolates from both 
sugar beet and potato. These experiments were made at Grand 
Forks, N.Dak., St. Paul, Minn., and Waseca, Minn., which are 
widely separated localities with considerable differences in environ- 
mental conditions. 

The data obtained are given in table 10 and shown graphically in 
figure 3. A view of a portion of the test plot at University Farm is 
shown in figure 4, A. The striking contrast between the results from 
potatc and sugar-beet isolates is shown in figure 4, B. The tests 
point out clearly that the isolates from sugar beet caused rot at all 
the stations, while those from potato were nonpathogenic to sugar 
beets. The potato isolates were collected over a wide geographical 
area in Minnesota and Manitoba, except R-140 and R-141, which 
were collected in Wyoming. That these two isolates were also non- 
pathogenic is of considerable interest. These results suggest strongly 
that potato isolates from other geographical localities may be non- 
pathogenic for sugar beets. This point is being investigated further. 
The experiment also gives some indication of the loss Rhizoctonia may 
cause to sugar beets. The average weight per individual root was 
reduced as a result of the action of the pathogene (fig. 3). The de- 
crease below the control was approximately in direct proportion to 
the amount of rot produced. 
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FIGURE 3.—Amount of decay of sugar-beet roots caused by isolates of Rhizoctonia solani from potato and 
sugar beet, and average weight per root. Plots located at Waseca, Minn., St. Paul, Minn., and Grand 


Forks, N Dak., in 1932. It is to be noted that no rot was caused by any of the potato isolates (R-115 to 
R-141) at any of the stations 
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potato isolate (R-121) was used 


Potato 
Control 


tum did not contain any organism 


Control plants were treated in the same 


manner as the inoculated plants, except that the grain substra- 


FIGURE 4.— Root-rot inoculation plots at University Farm, St. Paul, Minn., in 1932. 
center foreground and in right center background were inoculated with isolates from sugar beets (all plants 
in plots are dead). Others either were inoculated with potato isolates or were controls. 
plots, 1 (right) in which plants were inoculated with a sugar-beet isolate (R-72), and 1 (left) in which a 


A, Plants in right 


| A verage 
weight 
per root 


1932 
; Total 
Station Source of isolate | oe a weight of 
| roots 
| 
} | | 
| Number | Number | Pounds | 
Grand Forks... Sugar beet 12 | 79 | 451.4 
Potato | 17 | 757 952. 2 
Control 1351 | 443.5 | 
St. Paul Sugar beet 14 | 480 | 362. 5 | 
Potato 20 | 630 | 662.8 
Control } 1 357 367.4 
Waseca Sugar beet 15 354 364. 3 
Potato 20 554 819.5 
Control 1190 | 296. 6 
A verage Sugar beet 


Pounds 
94 | 


0. 


1. 


bat at ttf 


1 
1. 


26 


B, Close-up of 2 


TABLE 10.—Results of inoculating sugar beets in the field with isolates of Rhizoc- 
tonia solani at Grand Forks, N.Dak., St. Paul, Minn., and Waseca, Minn., in 


Average 


decay 


Percent 
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RELATION OF ISOLATES TO DAMPING OFF OF SEEDLINGS 


Having demonstrated that isolates of Rhizoctonia solani from 
potato are nonpathogenic to large sugar-beet roots, the relation of 
these isolates to the damping off of sugar beets and some other host 
plants was studied. 

Sugar beets.—In a preliminary experiment made in 1931, sugar-beet 
seed balls® were planted in 4-inch pots of steamed and infested soil. 
Thirty seed balls were planted in each pot. The soil was infested 
with an isolate by mixing it with grain inoculum of the pathogene. 
For the controls, sterilized grain only was mixed with soil. Seedling 
counts were made 14 days after planting. The average seedling stand 
in the control pots was taken as 100 percent, and stands in infested 
pots were put on a percentage basis from this. The number of 
seedlings emerged was taken as an index of the virulence of an isolate. 

It is evident from the results given in table 11 that all the isolates 
of Rhizoctonia solani did not attack sugar-beet seedlings with the 
same degree of virulence. Isolates R-110 and R-114 (potato) are 
outstanding in that they were only very weakly virulent, whereas 
R-51, R-63, R-65, R-99, and R—106 (sugar beet) were strongly 
virulent, each causing 100 percent damping off. 


TABLE 11.—Results of preliminary inoculations of sugar beet seedlings with various 
isolates of Rhizoctonia solani, showing the percentage of damping off as compared 
to the control 


Total Total 
emer- Average emer- Average 
Isolate no gence damping Isolate no, gence | damping 
in off in off 

3 pots 3 pots 

Number | Percent Number | Percent 
R-114! 122 0.0 || R-51 0 100.0 
R-110! 102 9.7 || R-63 0 100. 0 
R-50 29 74.3 || R-65 0 100. 0 
R-53 21 81.4 || R-99 0 100. 0 
R-103 2 89.4 || R-106 0 100. 0 
R-69 7 93.8 || Control 113 .0 
R-52 4 97.5 








! Obtained from potatoes; the others were obtained from sugar beets. 


In a more extensive experiment, made also in 1931, the suscepti- 
bility of sugar-beet, table-beet, and alfalfa (Medicago sativa L.) 
seedlings to a number of isolates from potato and sugar beet was 
determined in the greenhouse. The soil was infested as described 
above for the preliminary sugar-beet experiment, and seedling 
counts were made about 14 days after planting. The rate of seeding 
per pot varied according to the size of the seed: 30 seed balls of 
sugar beets, 35 of table beets, and 200 of alfalfa. 

The results of the sugar-beet experiment (table 12) are shown 
graphic ally in figure 5. “All sugar-beet isolates were strongly viru- 

6 Use of sugar- .r-beet seed balls introduces certain difficulties in securing concordant results, because the 
seed balls contain a variable number of embryos, which results in irregular emergence of sprouts, and the 
seedling stand may be seriously affected because of the seed transmission of Phoma betae (Oud.) Frank. 
The following methods were adopted by the writer in order to standardize the tests as much as possible: 
Seed balls were screened and only those of approximately uniform size were used. Stand counts were 
made when emergence was approximately complete. Sugar-beet seed balls, as well as those of table beet, 


mangel-wurzel, and Swiss chard, were treated by the pasteurization method of Edson (3), to eliminate 
as far as possible infection from the seed-borne pathogene P. betae. 
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lent causing not less than 97.4 percent damping off, while the majority 
caused 100 percent. It is important to note that none of the potato 
isolates caused so much damping off; the greatest amount was 
caused by R-136 (80 percent), while R—-139, ranking second, caused 
75.5 percent decrease in stand. It appears that the isolates from 
potato were less virulent than those from sugar beet. 


TABLE 12.—Results of inoculating sugar beets, table beets, and alfalfa with various iso- 
lates of Rhizoctonia solani, showing the average percentage of seedlings damped off 


[Results given as averages of 5 replicates] 


Damping off 
Isolates 


Host Source of isolate . 
tested 

Range Average 

Number Percent Percent 
Sugar beet Sugar beet 15 | 97. 4-100.0 99.8 
Potato 23 0 80. 0 28.5 

Control 0 
Table beet Sugar beet 15 | 93. 0-100. 0 92. 1 
Potato 23 2. 5- 92.4 50.1 

Control 0 
Alfalfa Sugar beet 13 15. 6- 98.9 48. 6 
Potato 23 1.6- 81.4 21.2 

Control 0 


Table beets-The capacity of isolates of Rhizoctonia solani to 
cause damping off of table-beet seedlings was also investigated. 
Pasteurized seed balls were planted in 4-inch pots as described for 
the sugar-beet-seedling test. A summary of the results obtained 
is given in table 12 and in figure 5. It is seen from the figure that 
all the isolates obtained from sugar beets were strongly virulent to 
table beets. Although a few (R-110, R-129, R—135) of the isolates 
from potato were highly virulent to table beets, the majority were 
less virulent. As will be seen by comparison with the results ob- 
tained with sugar-beet seedlings, some isolates from potato pro- 
duced considerable damping off of sugar beets and a small amount 
on table beets; other isolates acted in the opposite way. Thus 
isolate R-139, which caused 75.5 percent of damping off of sugar 
beets, caused only 2.5 percent of damping off of table beets, whereas 
isolate R-122 caused on sugar beets and table beets, respectively, 
9.7 percent and 54.5 percent of damping off. 

Alfalfa.—The pathogenicity and virulence of the isolates to 
alfalfa seedlings is also significant. From the data presented in 
table 12 and figure 5 it is apparent that the various isolates of Rhizoc- 
tonia solani do not attack alfalfa seedlings uniformly. It appears 
that the isolates from sugar beet are generally less virulent to alfalfa 
than to sugar-beet or to table-beet seedlings, since the amount of 
damping off ranged from 15.6 percent with R-84 to 98.9 percent 
with R-96 and R-102. Greater reduction in stand was caused by 
many of the isolates from sugar beet than by most of those from 
potato. The degree of virulence of the isolates obtained from 
potato, like that of the sugar-beet isolates, was not uniform. Isolate 
R-125 was the most destructive, causing 81.4 percent of damping 
off, while R-135 was least destructive and caused only 1.6 percent 
decrease in stand. 
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Other hosts.—In these studies 3 isolates of Rhizoctonia solani 
were used: 1 strongly virulent (R-67), 1 intermediate in viru- 
lence (R-128), and 1 almost nonpathogenic (R-—134), as indicated 
by their relative ability to cause damping off of sugar-beet seedlings 
(fig. 5). Additional tests in the greenhouse, on 11 different host 
plants, were made with these isolates. In these experiments 4-inch 
pots were filled with steamed soil infested with an isolate. Each 
test with an isolate and host was replicated five times. Five pots 
containing inoculum without a pathogene were maintained as con- 
trols for each host. The number of seeds per pot for each host was 
as follows: Sweetclover (Melilotus Mill.), 200; alfalfa, 200; turnip 
(Brassica rapa L.), 150; rutabaga (B. campestris L.), 150; cabbage 
(B. oleracea capitata L.), 125; tomato (Lycopersicon esculentum 
Mill.), 100; Swiss chard, 75; mangel-wurzel, 75; table beet, 70; 
sugar beet, 60; and pea (Pisum sativum L.), 25. The pots were 
arranged on the greenhouse bench to make five randomized blocks. 

Table 13 shows the average number of seedlings per pot remain- 
ing after 13 days in the control and in the infested pots and the 
average percentage of damping off for each host. Since the compara- 
tive reactions of the three isolates on each host are the most im- 
portant considerations, an analysis of variance (6, 7) was made of 
the data for each host separately. Thus it could be determined 
whether the number of seedlings affected, for each isolate on each 
host, reached the significant figure. The analysis of the results 
with sugar-beet seedlings is given in tables 14 and 15 to illustrate 
the method used. The results with other host plants gave similar 
decisive results, the 2 value in every case greatly exceeding that 
of z at the 1l-percent point. 


TABLE 13.—-Comparative virulence of 3 isolates of Rhizoctonia solani on 11 different 
host plants 


{Results given as average number of seedlings per pot (5 replicates) and as percentage of damping off in 
inoculated series after 13 days] 


Data for seedlings inoculated with Con- 


trol ! Differ- 

lantae ence in 
Seed R-67 R-128 R-134 ageun-| 0 A seedling 
Host inoculated | planted | inocu- served jnumber 
. value |required 

per pot lated of z? | for sig 

+r. ’ r- seed- “ Pll 

aoa Damp- Fame Damp- anne Damp-| jings nifi- 

pot | ine off pot | ine off pot | ine off | per pot) canes 

] | | ' 

Number| Number, Percent; Number, Percent; Number| Percent| Number | Number 
Alfalfa 200 | 8S. 33. ¢ 96.8 | 27.4 111.8 16, 2 133.4 | 1 14.5 
Cabbage 125 26.4 4.9 34.0 54.8 71.6 4.8 75.2 | 1 18. 4 
Mangel-wurzel 75 12.0 88.4 83.4 19.2 | 95.2 7.6} 103.2] 2. 13.2 
Pea 25 1.0 95.7 20.0 13. 1 22. 2 | 3.4 23.0 | 2. 2.8 
Rutabaga 150 8.2 93. 2 70.4 41.5 103. 6 14.0 120.4 | 2 15.6 
Sugar beet ! 60 | 7.4 94. 6 110.8 19. 6 127.2 7.7 137.8 | 2 10.1 
Sweetclover 200 8.2 94.1 37.2 73. 1 99. 4 27.9 137.8 | 2 18.3 
Swiss chard 75 6.2 94.7 83.4 27.0) 109.8 5.2 115.8 | 2. 14.3 
Table beet 70 7.0 93.4 72.0 31.6 102. 6 2.5 105. 2 | 2. 10.9 
Tomato 100 10.8 85.5 23. 6 68.3 57.4 22.9 74.4 | 2.3 8.5 
Turnip 150 14.2 86. 1 65. 6 35. 6 84.2 17.5 102.0 | 2 15. 2 





| 
' 


Considered as 100-percent stand 
? Calculated value for z at the 5-percent point is 0.6250 and at the Il-percent point it is 0.8919. 
Seed balls were used; these usually contain more than | seed 
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TABLE 14.—-Comparison of seedling counts, after 13 days from inoculations of sugar 


beets with 3 isolates of Rhizoctonia solani, as compared with uninoculated 
control 


Average 


Comparison of isolates and control 











. seedling 
Inoculum count per 
pot R-67 R-128 R-134 
R-67 7.4 +103. 4 +119.8 
R-128 110.8 — 103. 4 +16.4 
R-134 127.2 —119.8 —16.4 | 
Control 137.8 —130. 4 —27.0 —10.6 
TABLE 15.— Analysis of variance applicable to data of table 14 
ee . Sum of Degrees of fastens ials 
Variation due to squares freedom Variance 2 
Blocks 520. 2 4 130. 05 
Treatments ! 53, .6 3 17, 982. 53 895 
Isolates 12, 187.6 2 6, 093. 80 3. £ ) 
Isolates v. no isolates 41, 760.0 1 41, 760. 00 4. 4650 
Error 663.4 12 55. 28 
Total 55, 131. 2 19 


! The control was considered as a treatment in comparison with the 3 isolates. 
2 Exceeds the value for z at the 1-percent point. 


The significance to be attributed to the effect of the various treat- 
ments with organisms (control pots considered as a treatment) was 
determined by Fisher’s z test. The values of z were obtained from the 
tables prepared by Fisher (6). By using the number of degrees of 
freedom ascribed to error and referring to the table of t prepared by 
Fisher (6), one can ascertain the number by which the standard error 
of the difference should be multiplied to obtain a value (number of 
seedlings) required for significance at the 5-percent point. Thus, in 
the analysis of variance of these data, 12 degrees of freedom are 
ascribable to error and by referring to the table of t one finds that the 
standard error is to be multiplied by 2.179; therefore in comparing 
differences in numbers of seedlings for each host for the isolates used 
and the control, differences as great or greater than 2.2 times the 
standard error of the difference between two means were considered 
significant. 

In these experiments it is first necessary to know if the estimate of 
variance due to isolates is significantly greater than that due to 
error. The observed values of z for each of the 11 hosts exceeded the 
z value at both the 5-percent and 1-percent points, hence significant 
results were obtained from each host. From the values obtained for 
error for each host the standard error of the difference between two 
means was calculated.’ The test with sugar beets is presented in some 
detail to illustrate method used in analysis of the results (table 14). 
From the analysis of variance, following the procedure outlined by 
Fisher (6), the value of z was found. Since this greatly exceeds the 
l-percent point (indicating that differences as great as or greater than 
these due to chance would be found less than once in 100 times), the 
experiment as a whole was significant. The standard error of the 


? Standard error difference = -y Standard error mean X 2. 
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difference between two means in the case of sugar beets was 4.59, and 
the number of seedlings required for a difference between two means 
to be considered significant was 10.1 seedlings. Using this value, it is 
to be noted that all the isolates reduced the number of beet seedlings 
below the number in the control significantly. Similarly the isolates 
differed among themselves significantly in the number of seedlings 
remaining in the pots after 13 days. The data show clearly that 
R-67 was most virulent, standing out distinctly because of the great 
reduction in stand produced; R-128 and R-134 were much less 
virulent, the latter only slightly exceeding the number taken as the 
level of significance. It is to be noted that these two isolates were 
obtained from potato. 

Similar analyses were then made of the results with these isolates 
with the other hosts. The values obtained for z and the number of 
seedlings necessary in order for a difference to reach significance for 
these hosts are given in table 13. 

Comparison of the number of seedlings emerging (table 13) for each 
isolate and control brings out the fact that the order of virulence of 
the three isolates (R--67, R-128, and R—134) was the same on ruta- 
baga, sweetclover, Swiss chard, table beet, tomato, turnip, mangel- 
wurzel, and pea as it was with respect to seedlings of sugar beets, 
that is, R-67 was most virulent, R-128 intermediate, and R—134 the 
least virulent. For the remainder of the hosts tested this relationship 
does not exist. On alfalfa and cabbage, the reduction in number of 
seedlings by R-67 and R—128 did not differ significantly, but both were 
more virulent than R-134. On mangel-wurzel and pea, R-128 was 
not significantly differentiated from R-134. The data also show that 
R-134 significantly reduced the number of seedlings of alfalfa, ruta- 
baga, sugar beet, sweetclover, tomato, and turnip, but did not sig- 
nificantly affect the stand of cabbage, mangel-wurzel, pea, Swiss 
chard, or table beet. 

Stunting was observed in many seedlings growing infested soil 
(fig. 6). In order to determine the extent of this stunting, measure- 
ments were made of the height of 10 seedlings in each of 5 pots for each 
isolate and control. These measurements are summarized in table 16. 

These data were analyzed by using the analvysis-of-variance method. 
In this experiment it is necessary to know if the estimate of the vari- 
ance attributable to isolates is significantly greater than that due to 
error. The value for z found (2.3916) exceeded the z value at the 
1-percent level of significance; therefore it is apparent that the effect 
of the isolates on height of plants was in general highly significant. 
In this analysis of variance (table 17) the interaction of hosts by 
isolates was also determined, and it was found that the value of z 
(1.1573) also exceeded the value of z at the 1-percent point. This 
showed that there was a very significant differential effect of individual 
isolates on the hosts. The most obvious differential response is that of 
R-67, which caused only slight differences in height of certain hosts 
but completely killed all pea seedlings so that the mean height was 
zero. The data also show clearly that each isolate had a specific 
reaction on many of the hosts and that this reaction was not uniform 
for all. 
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FiGuRE 6.—Effect of three isolates of Rhizoctonia solani (a, R-67, obtained from sugar beet; 6, R-128, and 


c, R-134, both obtained from potato; and d, control) on the height of sugar beet 
rutabaga (C), and turnip (D 


&3605—34 4 


1), table beet (B), 
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-Average height and stunting of various seedling plants when grown in 


soil with 3 isolates of Rhizoctonia solani (R-67, R-128, and R-134) 























ena bane ila eg Ae = 
Data for seedling plants grown in soil infested with— | pnd | 
| (averag 
. = ee : —\ height ? | 
| " 
R-67 R-128 | R-134 1 “y 
Host a -_ aval : | plants | 
| | | | grown 
| Average | : Average | | Average | . | 12 un- 
| height } Stunting | eight | Stunting | height 1 | Stunting infested 
| soi 
| Mm | Percent Mm Percent Mm | 
Alfalfa | 50.7 3.1 51.2 2.1 50. 6 | 
Cabbage_-. 16.0 59.7 15.0 | 62. 2 22.3 | 
Mangel-wurzel .| 16.4 43.5 20.8 | 28. 3 | 28. 6 | 
Pea_. 0 100.0 24.6 49.6 | 33. 0 | 
Sugar beet 7.7 66.8 11.3 51.3 | 15.2 
Sweetclover | 9.0 69. 5 89/ 698) 19.9) 
Swiss chard 7.9| 67.0 11.2 53.1] 15.9 | 
Table beet 12.9 | 32. 1 | 10.9 | 42.6 | 14.7 
Tomato 8.7 40.4 8.6 41.1 | 8.6 




















! Mean difference of 5.4 mm required for significance. 
2? Height of seedlings in control considered as 100 percent in calculation of stunting caused by the isolates. 


TABLE 17.—Analysis of variance — to data of table 16 


a Ba 








ar ad Sum of | Degreesof| y,.; | 7 
Variation due to | equares | freedom | Variance | z i 
a : ———| 
| 
Replicates | 41. 40 | 4) 10. 35 
Hosts | 24, 220. 65 | 8| 3,028.71 | 
Isolates | 6,806. 53 | 3 | 2, 268. 85 | 1 2.3916 
Interaction (hosts X isolates) | 4,610.77 | 24 | 192. 11 | 11. 1573 
Error | 2,657.30 | 140 | 18. 98 
| 
Total | 38, 345. 65 | 179 | Ce et 


‘Exceeds the 1 percent value for z. 


The standard error of the difference between two means is 2.75 mm. 
Taking twice the standard error, for 140 degrees of freedom due to 
error, as the 5-percent level of significance (2.75 mm X2.0=5.5 mm), 
mean differences in height that were as great as or greater than 5.5 mm 
were considered significant. These data indicate that the isolates 
caused stunting,* when compared to the height of the control plants, of 
seedlings of sweetclover, tomato, cabbage, sugar beet, pea, table beet, 
and Swiss chard. Isolates R-67 and R-128 caused stunting of man- 
gelwurzel seedlings, but R-134 did not, while none of them caused 
stunting of alfalfa seedlings. In most cases R-67 caused more reduc- 
tion in height than either of the other isolates. 


DISCUSSION AND CONCLUSIONS 


The most outstanding result of these investigations is that whereas 
the isolates of Rhizoctonia solani obtained from sugar beets were found 
to be capable of rotting sugar-beet roots in the field and greenhouse, 
the isolates obtained from potato did not cause rotting. This was 
true of all potato isolates tested. The two types of isolates apparently 
have a difference in host range. This finding is of particular signifi- 
cance because of the cropping systems in use in the Red River Valley 

* The seedlings of turnip and rutabaga in inoculated pots were stunted as compared to those in the con- 


trols. This was thought to be due to the effect of crusting of the fungus and soil mixture and not to the 
pathogenes, since the seedlings were badly twisted beneath the soil before they emerged. 
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of Minnesota and North Dakota in which sugar beets often follow 
potatoes. From the data now available, it seems that sugar-beet 
rot occurring in the field, caused by R. solani, is not occasioned by the 
rhizoctonia disease which may have been present on potatoes in a 
previous season. It is recognized that some potato-inhabiting forms 
may exist that are also pathogenic to sugar-beet roots, but in the rather 
large number of forms from potato tested none was found pathogenic 
to older beet roots. Detailed study is now under way of additional 
material, consisting of isolations of Rhizoctonia from potatoes from 
other portions of North America and from Europe. 

The physiological studies showed the same sort of differences among 
the isolates as have been recorded previously for Rhizoctonia solani 
and as have been taken to indicate the presence of definite strains 
within the species. Most previous work had not revealed definite 
specificity with respect to pathogenicity. 

The inoculations herein reported, for the collection of isolates from 
sugar beets and potatoes, have shown a high degree of specificity. 
It is believed that the tests were extensive enough to point to the 
existence of a marked distinction between the two groups of isolates. 
The results with nine host plants used in tests of pathogenicity and 
virulence of the isolates to seedlings, show also that within the 
Rhizoctonia solani group further subdivisions on the basis of patho- 
genicity may be made. These results are interpreted to mean that 
there are distinct parasitic strains of R. solani comparable to the 
physiologic forms of the rusts, mildews, and other fungi. Further 
studies are in progress to determine more definitely the extent of 
physiologic specialization. 

SUMMARY 


There is a marked difference in rate of growth of isolates of Rhizoc- 
tonia solani on the same and different media. 

The optimum temperature for growth on artificial media for some 
isolates is 25° C., while for others it is 30°. At 40° no growth occurred. 
Low temperature (1°) inhibits growth of some isolates without causing 
permanent injury. 

Soil temperature of approximately 25° to 33° C. is most favorable for 
development of rhizoctonia root rot of sugar beets. 

Five isolates tested grew over a wide range of hydrogen-ion concen- 
trations, the optimum for one (R—53) being about pH 5.6 and pH 6.2 
for the four others. 

Sugar beets were found to be susceptible to Rhizoctonia solani at 
all stages of development. 

There were wide differences in the ability of different isolates to rot 
sugar-beet slices. 

Greenhouse and field inoculations prove conclusively that the sugar- 
beet isolates tested are pathogenic to large sugar-beet roots, while 
potato isolates are not. 

It is concluded that rhizoctonia root rot of sugar beets is probably 
caused by strains of Rhizoctonia solani distinct pathogenically from 
those on potato. 

Sugar-beet isolates caused a high percentage of damping off of 
sugar-beet and table-beet seedlings, and potato isolates considerably 
less, while both groups of isolates were about equally destructive to 
alfalfa seedlings. 
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The order of virulence of three isolates on sugar-beet seedlings was 
retained with seedlings of some additional hosts but was different 
with others. These same three isolates caused different degrees of 
stunting of various host plants. 
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THE INFLUENCE OF INHERITANCE AND ENVIRON- 
MENT ON THE MILK PRODUCTION AND BUTTERFAT 
PERCENTAGE OF JERSEY CATTLE! 


By Joun W. GoWEN 
Collaborating biologist, Maine Agricultural Experiment Station ' 


INTRODUCTION 


In the Island of Jersey the importation of cattle has been pro- 
hibited since 1763, or for about 40 generations in the life scale of 
cattle. The Royal Jersey Agricultural Society has systematically 
tried to standardize the animals by drawing up scales of points and 
guiding the breeding operations of individual farmers. The Jerseys 
of North America were imported from this island stock, mostly 
during the last quarter of the nineteenth century and the present 
century. The million or so progeny of these imported cattle have 
been kept separate from other cattle by registration of pure breeding. 

From 1900 to 1923 about 14,000 of the half million American 
Jersey cows * were tested for their milk yield over a year’s lactation. 
All of these cows were able to produce the minimum requirement of 
360 pounds of butterfat at 5 years of age. Their performance records 
include the cow’s name and number, the name and number of her 
sire and dam, her age, the length of her record, the amount of milk 
and butterfat that she produced, the butterfat percentage, and the 
duration of time she carried her calf. The purpose of the present 
investigation was so to analyze these records of milk secretion as to 
ascertain the part played by the inheritance of each ancestor and by 
the environment in fixing the yield and butterfat percentage of a 
cow’s milk. 

The records chosen for study were those of 364, 365, or 366 days. 
All records were corrected for age.’ Beyond a correction to the 
equivalent expected record of 8 years and 3 months, however, no changes 
in the data were made. While this group represents but a small 
proportion of the total number, in fact a proportion hardly adequate 
for a concerted genetic control of the breeding for milk production 
within this breed as a whole, it does not appear to be heavily selected. 
The data are, therefore, treated as though selection were absent. 
The problem with which this paper deals may be illustrated by the 
pedigrees described below. 


PEDIGREES OF HIGH AND LOW MILK PRODUCTION 


The sum total of the effects of inheritance or environment on milk 
secretion may be seen in a typical pedigree of a high milk-producing 
cow as contrasted with one of low milk production. To make such 


1 Received for publication Mar. 26, 1934; issued September, 1934. Contribution from the Department 
of Animal and Plant Pathology, Rockefeller Institute for Medical Research, Princeton N.J.; the De 
partment of Biology, School of Hygiene and Public Health, Johns Hopkins University, Baltimore, Md.; 
and the Maine Agricultural Experiment Station. 

? Registry of Merit of Jersey attle, American Jersey Cattle Club, New York. 

3 While the actual correction constants were determined specifically for these Jersey cattle data from 
their own mean age production curves, they are in principle the same as those developed by the writer 
elsewhere (12) .‘ 

4 Reference is made by number ones to Literature Cited, p. 464. 
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pedigrees, all the Jersey cows whose mature-form production was 
under 8,000 pounds were taken as the low-producing group. There 
were 766 such cows in the 3,753 animals which came from tested 
dams. For the high-producing group all cows were taken whose pro- 
duction was over 12,000 pounds. There were 738 such cows in the 
3,753 animals which came from tested dams. The pedigrees of each 
cow were run out to the third generation. The average mature-form 
production of the daughters of each animal in the pedigree was then 
determined, summed, and averaged. This average appears in the 
pedigrees presented below. Besides this average, the average pro- 
duction of the dams, the paternal granddams, and the maternal 
granddams was found and that average also appears in the pedigree. 


Low milk yield 


Paternal grandsire; daughters’ 
average milk yield 9,844 
pounds. 

Paternal granddam; daughters’ 
average milk yield 10,063 
pounds, average paternal 
granddam’s milk yield 10,327 


Sire; daughters’ aver- 
age milk yield 9,376 
pounds. 


Daughters’ milk pounds. 
yields under 8,000 Maternal grandsire; daughters’ 
pounds. eee ee eee, average milk yield 9,401 
Dam; daughters’ aver pounds. 


age milk yield 8,639 
pounds, average 
dam’s milk yield 
8,945 pounds. 


Maternal granddam; daughters’ 
average milk yield 9,299 
pounds, average maternal 
granddam’s milk yield 9,129 
pounds. 








High milk yield 


Paternal grandsire; daughters’ 
average milk yield 10,265 
pounds. 

Paternal granddam; daughters’ 
average milk yield 11,183 
pounds, average paternal 
granddam’s milk yield 12,044 


Sire; daughters’ aver- 
age milk yield 10,572 
pounds. 


Daughters’ milk pounds. 
vields above 12,000 (Maternal grandsire; daughters’ 
pounds. ES ne eee ey average milk yield 10,212 
—) Sas . 4 pounds. 


age milk yield 11,858 
pounds, average 
dam’s milk yield 
10,890 pounds. 


Maternal granddam; daughters’ 
average milk yield’ 10,710 
pounds, average maternal 
granddam’s milk yield 10,062 
pounds. 








A glance at the pedigree of the average low-producing cow as com- 
pared with that of the average high-producing cow shows that through- 
out the production of the ancestors of the high-producing animals 
was distinctly greater than that of the low-producing animals. It 
will be further noticed that on the whole the records of the parents 
are more nearly like those of their progeny than like those of the 
grandparents. There is, unfortunately, a selective factor which to 
some degree impairs this comparison. The cows which were selected 
for this group of necessity appear in the averages for the daughters 
of the sire or dam of that group. Similarly, the high-producing cows 
appear in the averages as daughters of their parents. The effect on 
the average record of the sires’ daughters is not pronounced since 
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these selected cows are only one-fifth to one-seventh of the whole 
number of daughters. The effect on the average record for the 
dams’ daughters is quite marked since these selected low- or high- 
producing daughters are a half of the whole number from which the 
average is obtained. There appears to be no really satisfactory way 
to overcome this difficulty. The reader should keep it clearly in 
mind, however, and realize that the apparent difference in the pro- 
duction of the sire’s daughters and dam’s daughters has no biological 
basis but is due only to the particular arrangement of the data. Fortu- 
nately this difficulty does not affect the records of the grandparents 
or the average production of the dams’ own records. The marked 
selection of sires on the basis of the record of their dams is apparent 
in both pedigrees. The average production of the daughters of all the 
grandparents is higher for the high-group granddaughters than for the 
low-group granddaughters. For each given group, the daughters of 
the paternal and maternal grandsires are about equal in production. 

An examination of the actual production of the females of the pedi- 
gree shows that the daughters, production resembles that of their 
dams rather more than that of the grandparents. The prominent 
selection of the paternal granddams is evident. The maternal 
granddams are relatively little selected. Their milk yields show a 
definite similarity to those of the granddaughter, although this 
similarity is not so great as that of the dams. 

Similar pedigrees showing the sum total effect of inheritance and 
environment on the butterfat percentage of the daughter are pre- 
sented below. To form the low-testing pedigree 415 Jersey cows 
were taken that had a butterfat test under 4.8 percent. These 
cows came from tested dams and were by sires which had tested 
daughters. This group constituted about the lower sixth of the 
animals in the Jersey Registry of Merit. The high butterfat testing 
group consisted of 446 cows having a butterfat test above 5.9 percent. 
These cows represented the highest testing animals in the Jersey 
Registry of Merit. Thev, too, constituted about a sixth of the 
animals tested and were from tested dams. The pedigrees of these 
animals were run out to three generations. The average mature- 
form butterfat percentage of the registry of merit daughters of each 
individual in these pedigrees was determined. These records were 
then averaged for each ancestral position in the pedigree. Besides 
this average, the average butterfat percentage of each ancestral group 
was determined for the female line of the pedigrees. 


Low butterfat percentage 


Paternal grandsire; daughters’ 
average butterfat percentage 


Sire; daughters’ average 5.32. ; 

; Paternal granddam; daughters 
butterfat percentage ° } . 

5.18 average butterfat percentage 


5.26, average paternal grand- 
dam’s butterfat percentage 


Daughters’ butterfat 5.16. 
vercentage ide ‘Materna randsire; daughters’ 
percentag under Mat 1 grand ; daughter 
4.9 percent. ; average butterfat percentage 
I Dam; daughters’ aver- * 99° aWeriat | ag 


age butterfat percent- 
age 4.99, average 
dam’s butterfat per- 
centage 4.96. 


Maternal granddam; daughters’ 
average butterfat percentage 
5.12, average maternal grand- 
dam’s butterfat percentage 
5.15. 
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High butterfat percentage 


(Paternal grandsire; daughters’ 
average butterfat percentage 
5.41. 

Paternal granddam; dayghters’ 
average butterfat percentage 


Sire; daughters’ average 
butterfat percentage 


5.51. 5.42, average paternal grand- 
dam’s butterfat percentage 

Daughters’ butterfat 5.49. 
percentage above Maternal grandsire; daughters’ 
5 ¢ ‘ree re >» >» > > > 
5.9 percent. Dam; daughters’ aver- ae butterfat percentage 


age butterfat percent- 
age 5.75, average 
dam’s butterfat per- 
centage 5.64. 


Maternal granddam; daughters’ 
average butterfat percentage 
5.56, average maternal grand- 
dam’s butterfat percentage 
0.00. 








These typical pedigrees for cows of low butterfat percentage and for 
cows of high butterfat percentage display essentially the same general 
features as those for milk yield. Throughout, the ancestors in the 
pedigree of the low butterfat tests have lower butterfat-testing 
daughters than those of the high butterfat tests. Within either group 
the records of the parents are more nearly like those of their offspring 
than are the records of the grandparents. The butterfat percentages 
of the four grandparents are essentially the same within each group. 
Consequently no selective breeding for butterfat percentage appears 
to have been practiced in the Jersey breed. 

The data for the actual average butterfat percentages of the female 
ancestors in the pedigree show the importance of the ancestors closest 
to the animal under study as contrasted with the relative lack of 
importance of those a generation further removed. The average 
dams’ butterfat percentage of the low-producing line was 4.96 percent, 
whereas that of the average dam in the high-producing line was 5.64. 
The grandparents, on the other hand, show for the low-producing 
line 5.16 and 5.15 percent as their averages, whereas those of the high- 
producing line were 5.49 and 5.55 percent. From other evidence it 
has been possible to show that the resemblance one generation further 
removed (the great grandparents) is even less. The data show that 
no significant selection of bulls to be used as sires has been made on 
the basis of their dams’ butterfat percentage. The butterfat percent- 
ages of the paternal granddams and of the maternal granddams seem 
for practical purposes to be the same. 

The pedigrees here shown graphically illustrate the effects of inherit- 
ance and environment on the milk yield or butterfat percentage of 
particular groups of animals. The problem before us is to analyze 
these two variables in such a way as to be able to ascribe to each 
ancestor and to the environment its contribution to the total effect. 

The contribution of the particular ancestor to the cow’s whole 
inheritance for milk production is ascertained by comparing the 
production of the cow with that of her parents, sisters, cousins, and 
grandparents. The environmental effects are determined by com- 
paring the production of individuals of the same generation within 
the same herd with that of other generations. The form in which the 
results are presented is designed to indicate the basic information 
worthy of consideration in practical breeding as well as the relative 
importance of the different ancestors in the strict genetic sense. 
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INFLUENCE OF SIRE ON MILK PRODUCTION AND BUTTERFAT 
PERCENTAGE 


The most frequently used measure of the sire’s influence on the milk 
production of his progeny is the average production of his daughter. 
This measure is based on the assumption that if milk yield is truly 
inherited the expectation would be that the sire’s daughters would 
show the type of production which he transmitted to them. His 
daughters would be expected to resemble each other more than cows 
of the general breed because of the common inheritance they received 
from him. If the daughters were full sisters then the resemblance 
between their productions would be still greater, for here both parents 
would contribute to the like inheritance. There are 1,830 sires with 
2 or more daughters in the Jersey Registry of Merit. The comparison 
of the milk yields and butterfat percentages of the 110,456 pairs of 
half sisters sired by these sires gives the data in table 1: 

TABLE 1.—Comparison of milk yield (pounds) and butterfat percentage of 110,456 


pairs of half sisters sired by the 1,830 sires with 2 or more daughters in the Jersey 
Registry of Merit 





Item Milk-yield | Butterfat per- 
| data centage data 
| 
Average record 4 \ tn 10, 065-17 5. 37 +0. 003 
Standard deviation 2,470412 | 0.5154 .003 
Coefficient of variation ; ‘sn 24.5 9.6 
Correlation coefficient 0. 24+0. 01 0.254 . 01 


If the average production of these half sisters is compared with that 
found for the breed as a whole at mature form, 9,849 pounds of milk 
and 5.31 percent of butterfat, it will be seen that these half sisters 
are slightly above the breed’s average production in milk and practic- 
ally average in butterfat percentage. The variation in the milk yield 
is somewhat more than the breed’s average (2,254 pounds), while the 
variation in butterfat percentage is representative (0.516). The 
correlation coefficients show that there is a fairly well-marked rela- 
tion between the milk yields or the butterfat percentages of these half 
sisters. This relation shows the influence of the sire on his daughters’ 
producing capacity since these daughters are from different dams, 
each dam having a different heredity. The linear equations expressing 
the relation between the production of one half sister and that of 
another as determined from the foregoing values are: 

Half sister’s average milk yield =7,719+0.23 half sister’s milk yield 
Half sister’s average butterfat percentage=4.03+ 0.25 half sister’s butterfat 
percentage 
TABLE 2.—Average milk yield (pounds) and butterfat percentage of half sisters 
from a given sire 


Actual | Average |, Actual | Average Actual | Average |, Actual | Average 


a : butterfat | butterfat : butterfat | butterfat 
milk milk : ‘a milk milk 
yield of | yield of | Percent > if yield of | yield of ors ord 
a. © | ft # first half éunine Rd first half 
“ee” | daughter sisters || aug ——— daughter | sisters 


5,000 | 8,884 | 3.5 4.90 13, 000 10,748 | 6.5 | 5.40 
7, 000 9, 350 4.0 5. 03 15, 000 11, 214 6.0 5.53 
9, 000 9, 816 4.5 5.15 17,000 | 11,680 6.5 | 5. 65 
11,000 | 10, 282 5.0 5, 28 

| 


5. | 19,000 12, 146 7.0 5.77 
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Table 2 is based on these equations and illustrates the probable 
or average production of a cow, half sister to a cow of known produc- 
tion. Thus if the production ‘of the half sister is 7,000 pounds the 
probable production of another cow by the same sire but by a different 
dam would be 9,350 pounds. Where one of the sisters has a milk 
vield of 19,000 pounds, the milk yield of the other tends to be less, 
12,146 pounds. The average yields tend to regress toward the 
average value of the breed when the first half sisters are extremely 
low or extremely high producers. The same is true for the butterfat 
percentages. 

In breeding practice this type of problem is presented in a variety 
of ways. It occurs most frequently in a case where the first offspring 
of a sire has a low record, say 7,000 pounds of milk, and the owner of 
the sire is considering the advisability of discontinuing his further 
use. Table 2 shows that a second daughter by this sire would have 
a probable production of 9,350 pounds of milk. While this is not 
high, it is better than the 7,000 pounds produced by the first daughter. 

The data in table 1 give the information necessary to determine not 
only the probable production of a bull’s daughter, but also the amount 
of variation which they would be expected to exhibit. The probable 
production of the bull’s daughters determine from that of their half 
sisters is given in the equation presented above. The amount of 
variation which the bull’s daughters will have around their average 
production is determined by the correlation coefficient and the stand- 
ard deviation. This variation is equal to the standard deviation as 
found in table 1 (2,470 for milk and 0.515 for butterfat percentage) 
multiplied by the square root of 1 minus the correlation coefficient 
squared, S. D.y1—r*. The value of the correlation coefficient for the 
milk yield is 0.24 and for the butterfat percentage 0.25. The stand- 
ard deviation expected in the bull’s daughters’ production is therefore 
2,397 pounds for milk vield and 0.499 percent for the butterfat per- 
centage. Fifty percent of the daughters would be expected to be 
within 0.67449 x 2,397 =1,618 pounds on either side of the average 
production of the group, assuming a normal distribution. Thus if a 
half sister’s production is 9,000 pounds the rest of the bull’s daughters 
would be expected to have an average production of 9,816 pounds. 
Fifty percent of these daughters would be expected to produce be- 
tween 9,816 — 1,618 =8,198 and 9,816 + 1,618 = 11,434 pounds of milk. 
In the same manner it is possible to determine the extreme limits of 
the production. The limit of the distribution from the average value, 
9,816 pounds, to include 99 percent of the daughters is 2.58 times the 
standard deviation on either side of the mean. In actual figures this 
limit would be 2,397 X 2.58, or 6,192 pounds on either side of the aver- 
age value. For example, if a bull’s first daughter produced 15,000 
pounds of milk the expected average production of his other daughters 
would be 11,214 pounds; 50 percent of the daughters would produce 
between 9,596 and 12,832 pounds, and 99 percent would produce 
between 5,022 and 17,406 pounds. These facts bring out a signifi- 
cant point. While it is possible to estimate the average produc- 
tion of these half sisters, there still remains a wide variation within 
which the individuals half sisters’ production may vary, making it 
impossible to determine the actual production of a single half sister 
exactly when the only information available is that of a half sister’s 
production. 
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The degree of resemblance existing between the milk yields or 
butterfat percentages of half sisters in other breeds of dairy cattle is of 
some importance since it strengthens any belief that may be held as 
to the real nature of the facts observed for the cows within the Jersey 
herd. The correlation between the milk yields of half sisters with a 
common sire was 0.24 for the Jersey Registry of Merit cows, 0.36 for 
the advanced registry Holstein-Friesian cows, and 0.13 for the 
advanced registry Guernsey cattle. For the butterfat percentages 
the correlations for these Jerseys was 0.25, for the Holstein-Friesian 
0.37, and for the Guernsey 0.17 (11, 13,14). The range of values for 
the different breeds is perhaps greater than would be expected. The 
results agree, however, in showing that the sire’s progeny tend to 
resemble each other to a noticeable degree, enough so that their 
records may be used advantageously in pedigree breeding. The 
average degree of likeness is such as might be expected were the breed- 
ing at random so far as the inheritance factors for milk yield or butter- 
fat percentage are concerned and the inheritance by the multiple- 
factor Mendelian scheme. 

Ordinarily the influence of a parent on the progeny is determined 
by a comparison such as the size of the sire with the size of his daugh- 
ters. Unfortunately this direct method of comparison is not avail- 
able in the study of inheritance in a character expressed only by one 
sex. The correlation may be determined by the following somewhat 
indirect method. The daughters of a single sire would in any case 
all fall within an array of a correlation table. In normal correla- 
tion the constants of such an array are related to those of the total 
array in such a manner that the standard deviation of an array 
within the table is equal to the standard deviation of the whole 
population multiplied by 1—r? when r is the correlation sought. 

This correlation, while tedious to calculate, makes it possible 
to determine the relation between two variables, in this case sire and 
daughter, where only one can be measured. The method is subject 
to 1 or 2 assumptions and selective factors which should be recognized 
in the interpretation of the observed facts. In the first place, the 
correlation surface should be normal. Unfortunately this point can- 
not be determined, although it is a fair assumption that it is approxi- 
mately normal since the tables of daughter with dam, etc., are. The 
array standard deviations are calculated around the rough obser- 
vational means. If these means do not lie close to a straight line 
corresponding to the regression line, then the correlation coefficient 
found by this method is larger than the product moment r. Again, 
in determining the standard deviation of an array, the number of 
individuals available materially affects its size. This difficulty may 
in part, and possibly entirely, be overcome by the use of the correc- 
tions of the standard deviations of small samples as worked out by 
Student (7), Fisher (7), and others (2, 30). The probable errors of 
the correlation coefficients calculated in this matter are partly de- 
pendent on the number of classes and are fairly large. They are not 
well worked out. 

There are 208 sires with 10 or more daughters on which standard 
deviations have been calculated. In view of the volume of the data 
it seems inadvisable to list these individually. Each standard devia- 
tion was corrected for the influence of the number of daughters as indi- 
cated above and the mean obtained, 1,905 pounds for milk yield and 
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().443 for butterfat percentage. The standard deviation of the general 
population is 2,470 pounds for milk and 0.515 for the butterfat per- 
centage. The correlation for milk yield is 0.64 and for butterfat 
percentage 0.51. On the basis of Mendelian inheritance and random 
mating these correlation coefficients are somewhat larger than the 
expected 0.5. However, there are two factors which would tend to 
make this difference. The ancestry of the daughters on the dam’s 
side is not random, for a fair proportion of the daughters of a sire 
have common dams as well as sires, which tends to increase the cor- 
relation coefficients. The common environment, feeding, care, and 
management of these cows also serve to make them more alike than 
they would be solely through inheritance. This factor has a more 
pronounced effect in these data than it would have in any ordinary 
correlation table since so much depends on the single variable, daugh- 
ter’s production. We can therefore discount somewhat the numerical 
value of these correlations between the sire and daughter when making 
quantitative comparisons with other data. The fact is clear, however, 
that qualitatively the sire exerts a very decided influence on the 
quantity of the milk yield and the butterfat percentage of his daughters’ 
daughters. 


JOINT INFLUENCE OF SIRE AND DAM ON MILK PRODUCTION AND 
BUTTERFAT PERCENTAGE 


Full sisters with the same sire and dam would be expected to have 
milk yields and butterfat percentages more nearly alike than would 
half sisters with only a common sire. The Jersey Registry of Merit 
cows show just such a difference. There are 1,924 pairs of full sisters 
in these Jersey records—618 sets of 2, 78 of 3, 15 of 4, and 2 of 5. 
A comparison of the records of one full sisters with that of another is 
shown in table 3. 


TABLE 3.—Comparison of milk yield (pounds) and butterfat percentage of 1,924 
pairs of full sisters, from the records of the Jersey Registry of Merit 


— | Milk-yield | Butterfat per- 

data centage data 
A verage record._..........-- . ni alensccal ee i F 5. 34+0. 01 

Standard deviation__- PEEP TS ------| 2,482+30 0.5114 .006 
Coefficient of variation. ......-- . on ane 24.6 | 9. 57 
Correlation coefficient My * ake ' nelndnicn 0. 39-40. 01 0.41+ .O1 


The full sisters are essentially the same as the other cows in the 
Registry of Merit in their mean production of milk and percentage of 
butterfat. The standard deviation of the milk yields and butterfat 
percentages, are like those of the other cows. The correlation 
coefficients show a well-marked relation between the milk yields and 
butterfat percentages of these full sisters. This relation is much more 
pronounced than that found for any item of the cow’s own conforma- 
tion correlated with her milk yield or butterfat percentage. It is 
greater than that for half sisters with a common sire. As the sire’s 
influence was shown by the likeness of the half sister’s milk and butter- 
fat production, so the sire’s and dam’s influence acting jointly is 
shown by these full-sister records. In view of the fact that the envi- 
ronment of half sisters is like that of full sisters, it follows that this 
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difference can be accounted for only as the contribution of the heredity 
of the dam toward making these half sisters alike in their milk secre- 
tion. The facts consequently warrant the conclusion that both the 
sire and dam contribute jointly to the cow’s inheritance for milk pro- 
duction and butterfat percentage. 

From the foregoing data the relation of the production of full sisters 
may be put into equation form: 


Full sister’s milk yield=6,210 + 0.386 other full sister’s milk yield 


Full sister’s butterfat percentage=3.18+0.405 other full sister’s butterfat 
percentage 


As a guide in breeding operations these equations have the same 
utility as those of the half sisters with a common sire. The joint 
effect of the sire and dam is strikingly evident in table 4, where the 
solution of these equations is presented for certain productions. 
From these equations, the reader can obtain any expected production 
of full sisters that may be desired. When the production of the first 
full sister corresponds with any of those given in the table the same 
answers should be obtained as are given therein. Should the milk 
yield of a cow be 10,000 pounds the expected milk yield of a full sister 
would be 10,000 x 0.386 + 6,210 =3,860+6,210=10,070 pounds. In 
like manner the butterfat percentages are also obtained. 


TABLE 4.—Average milk yield (pounds) and butterfat percentage of full sisters 
| 


Actual alia . Actual | 4 wesces 
Actual | Average | butterfat Average Ac tual Average | butterfat Average 
milk milk vercent- | DUtterfat || milk milk ercent- | DUtterfat | 
| vield of | yields of | Page of | Peteent- || yield of | ica ot | Pave of | Percent- 
first |full sisters “first age of first full sisters “first age of 
daughter — daughter full sisters daughter | — daughter full sisters 
5,000 | 8, 140 3.5 4. 59 13, 000 11, 228 5.5 5.40 
7,000 &, 912 4.0 4. 80 15, 000 12, 000 6.0 5.61 
9, 000 9, 684 4.5 5. 00 17, 000 12, 772 6.5 5. 81 
11,000 | 10,456 5.0 5. 20 19, 000 13, 542 5.0 6.01 


The variation in the productions of individual cows around that 
expected of full sisters as seen in table 4 may be determined in the 
same manner as those derived for the sire. The 50-percent range is 
found to be + 1,531 pounds for milk yield and +0.314 for butterfat 
percentage. The 99-percent range for milk yield is + 5,895 and for 
butterfat percentage + 1.203. 

The full-sister correlations for these Jersey cows were 0.39 for milk 
yield and 0.41 for butterfat percentage. Similar correlations have 
been determined for the Holstein-Friesian and the Guernsey breeds. 
These correlations were, for the Holstein-Friesian, 0.55+0.03 for 
milk yield and 0.46 + 0.03 for butterfat percentage; for the Guernsey, 
0.41+0.02 for milk yield and 0.44+0.02 for butterfat percentage. 
The data for these three breeds are consequently not very different. 
Furthermore they are in accord with the hypothesis that the sire and 
dam are jointly responsible for the milk production and butterfat 
percentage of their offspring. The data are also in fair accord with 
the expectation of theoretical inheritance when it is assumed that the 
character of the milk secreted by a cow is determined by multiple 
Mendelian factors and that the population is random bred, as such 
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assumptions lead to an expected correlation between full sisters of 0.5 
and between half sisters of 0.25. The actual averages are, for full 
sisters, 0.44 for milk yield and 0.45 for butterfat percentage, and, for 
half sisters with a common sire, 0.24 for milk yield and 0.26 for butter- 
fat percentage. 


INFLUENCE OF DAM ON MILK PRODUCTION AND BUTTERFAT 
PERCENTAGE 


The influence of the dam on the milk yield of her progeny may be 
measured in at least two ways—by determining (1) the relation which 
exists between the records of half sisters when the dam is the common 
parent, and (2) the correlation between the milk produced by the dam 
and that produced by her daughter. The data on the milk yield of 
half sisters with a common dam are presented first. 

There are 1,603 of these sisters groups—1,248 sets of 2, 248 of 
3, 80 of 4, 17 of 5, 5 of 6, and 5 of 7, making a total of 5,644 pairs. 
Of this total, 1,924 pairs are full sisters and must be subtracted, leav- 
ing 3,720 pairs in all. The constants for measuring the relation 
between these half sisters are shown in table 5. 


TaBLE 5.—Comparison of milk yield (pounds) and butterfat percentage of 3,720 
pairs of half sisters with a common dam, from the records of the Jersey Dusdeirs 
of Merit 


Milk-yield Butterfat 


Item pat ce percentage 
data 
A verage record 9, 882+34 5. 36 +0. 01 
Standard deviation 2, 373425 510+ . 01 
Coetficient of variation 23.9 9.5 
Correlation coefficient 0. 19-0. 01 20 + .O1 


The half sisters with a common dam produce slightly less milk than 
do either the half sisters with a common sire or full.sisters. The 
butterfat percentage of the three groups is practically identical. The 

variation in milk yield is somewhat less than that for the other two 
groups. It is, however, in line with the mean production in that it is 
reduced, thus tending to make the coefficients of variation of the three 
groups the same. The variation in butterfat percentage is practically 
identical with that of the other groups both absolutely and in per- 
centage. Characteristically the coefficient of variation in milk yield 
is two and one-half times as much as that for butterfat percentage, 
indicating that milk yield is relatively much more variable than is the 
proportion of its butterfat. 

The correlation coefficients are, of course, the most important 
feature of table 5 from the breeding point of view. The correlations 
between half sisters of the two kinds (sire or dam in common) are 
distinctly comparable if not exactly the same. Such being the case it 
may be concluded that the sire and dam are equally important in 
determining the quantity of milk produced as well as the percentage 
of butterfat of their progeny. This conclusion is further borne out by 
the fact that when the joint influence of the sire and dam is measured 
the correlations are double those obtained when one is measured 
separately, as we should expect if the sire and dam contribute equally 








Sept. 1, 1934 Influence of Inheritance on Milk Production 443 


to the progeny’s genetic constitution for milk production or butterfat 
percentage. 

These facts are of interest from a slightly different point of view, 
namely, the relative influence of heredity and environment (care, 
management, etc.) in determining the milk yield or butterfat per- 
centage of the cow. It seems entirely possible that with any such 
group of cattle as these the milk yield and butterfat percentage of half 
sisters would be as much influenced by their common environment as 
those of full sisters. If such is the case, then the difference in the 
correlations of half sisters and full sisters should measure the extra 
effect of the common sire or common dam directly attributable to 
inheritance. The differences between these half and full sisters are on 
the order of 0.18, which would leave but little remaining as the influence 
of the common environment. This point is discussed later. 

The equations for the relations between the milk yields and butter- 
fat percentages of these half sisters from a common dam are: 


Half sister’s milk yield =7,955+ 0.195 other half sister’s milk yield 


Half sister’s butterfat percentage =4.28+0.201 other half sister’s butterfat 
percentage 


Table 6 is based upon these equations, expressing the relation of 
the half sisters’ production for a given production of the cow’s first 


daughter. 
TABLE 6.— Average milk yield (pounds) and butterfat percentage of half sisters from 
a common dam 
| | | ! 
Actual | Average Actual | Average | Actual | Average Actual | Average 


mile | mike” | buttertat | butterfat | mt pad fn 
| yield of | yield of | Percent- | Percent || yield of | yield of | Percent- | percens 
first half “Tet “half first half | 7 “half 
daughter | sisters daughter | sisters 


milk 


daughter | sisters daughter | _ sisters 


5, 000 8, 930 3.5 4.98 13, 000 10, 490 5.5 5. 39 
7, 000 9, 320 4.0 5. 08 15, 000 10, 880 6.0 5. 49 
9, 000 9, 710 4.5 5. 18 17, 000 11, 270 6.5 5. 59 
11, 000 10, 100 5.0 5. 29 19, 000 11, 660 7.0 5. 69 


Table 6 shows that half sisters with a common dam resemble each 
other as closely in their milk yield and butterfat percentage as do half 
sisters with a common sire. The likeness of either set of half sisters 
is not so close as that of full sisters. In numerical terms the data 
show that where one sister has a production of 5,000 pounds her half 
sister by the same sire would be expected to have a production of 8,884 
pounds, her half sister from the same dam 8,930 pounds, and her full 
sister 8,140 pounds. The half sisters have practically the same ex- 
pected milk yields. The full sisters are 760 pounds nearer in their 
production than half sisters with a common sire or half sisters with a 
common dam. A similar situation exists where the production of the 
first cow is high. For a cow with a production of 19,000 pounds the 
half sisters would be expected to produce about 12,000 pounds, the 
full sisters 13,542 pounds. Again the full sisters tend to be more alike 
in their production than half sisters. Similar relationships are ob- 
served for the butterfat percentage of half and full sisters, 


83605—34——5 
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The standard deviations for the production of the half sisters, when 
their average record is that indicated by the equation, are 2,298 
pounds of milk and 0.5 percent of butterfat. The ranges necessary to 
include 50 percent and 99 percent of the half sisters on either side of 
this average value are 1,551 and 5,935 pounds for milk yield and 0.337 
and 1.291 for butterfat percentage. 

if the three important dairy breeds, Holstein-Friesian, Guernsey, 
and Jersey, are compared we find the following correlations between 
the half sisters with common dams: Milk yield Holstein-Friesian 0.38 

0.03, Guernsey 0.15 + 0.02, and Jersey 0.19 + 0.01; butterfat percent- 
age Holstein-Friesian 0.22 + 0.04, Guernsey 0.19+ 0.01, and Jersey, 
0.20+40.01. The data for the three breeds are alike in showing a 
notable resemblance between the production of half sisters with a 
common dam. Full sisters resemble each other more closely in their 
milk yield and butterfat percentage than half sisters. The half 
sisters from a common sire or from a comfnon dam have practically 
the same degree of resemblance. The hypothesis that the sire and 
dam are equally and jointly responsible for the milk production and 
hutterfat percentage of their offspring is consequently borne out by 
this comparison. Furthermore the results are in accord with the 
expectation of a random-bred Mendelian population. For such a 
population the relation between full sisters should be measured by a 
correlation coefficient of 0.5, and between half sisters by a correlation 
coefficient of 0.25. Actually for the three breeds averaged together 
the correlation coefficient for the milk vields of full sisters was 0.45 
and that for half sisters 0.24. For butterfat percentage the correlation 
coefficient was 0.43 for full sisters and 0.23 for half sisters. 


RELATION BETWEEN MILK YIELD AND BUTTERFAT PERCENTAGE 
OF DAMS AND DAUGHTERS 


Table 7 shows the relation between the milk production and butter- 
fat percentage of daughter and dam. The average milk yield and 
butterfat percentage of the daughters is given for different groups of 
dams, progressing from low-producing to high-producing dams. 
There are 3,753 pairs of these daughter and dam records. 


TaBLe 7.—Relation between daughters’ and dams’ average milk yield (pounds) and 
butterfat percentage in 3,753 pairs of records 


10, 990 


Num um- . Jauch- Yi um- - augh- 
2 | teeta Be IM- | Ham I wus h Num . | Semel IM- | Ham’s Daugh 
ber of | Dam’s ; ber of . ter’s ber of Dam’s : ber of ter’s 
eo \ ter’s butter a ter’s butter- 
daugh milk tk daugh- . butter- || daugh milk daugh- | butter- 
al ld mil ae fat per-| ¢ ~* ye me milk cay fat per-| ¢ 
ter-dam | yiel vield |\"¢?dam | vantage fat per- | ter-dam | yield vield | *€t-dam centage | fat per- 
pairs ~ pairs ~ centage pairs pairs a centage 
12 5, 500 9, 830 2 3.5 4.20 64 15, 500 11, 330 415 5.7 5. 50 
200 . 500 8, 900 l 3.9 4.70 3h 16,500 | 12, 140 300 5.9 5. 62 
578 7, 500 9, 240 35 4.1 4. 80 15 17,500 | 11,500 180 6.1 5. 64 
727 &, 500 9, 540 xo 4.3 1. 06 y 18, 500 | 12, 060 SI 6.3 5. 78 
772 9, 500 4, 930 191 4.5 5.02 || 3 19, 500 9, 500 18 6.5 5. 82 
516 10,500 10,300 277 4.7 5. 04 3 21, 500 | 17,200 19 6.7 5. 86 
329 11,500, 10,510 442 1.9 5. 16 13 6.9 5. 84 
255 12,500 | 11,190 545 5.1 5. 26 2 7.1 . 20 
159 13,500 | 11, 460 604 5.3 5. 34 | 7.9 5. 70 
5 
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The average daughters’ production for grades of production of the 
dams show that as the dams’ milk production increases the average 
daughters’ production also increases. These increases show some 
irregularities since the figures presented are the actual average 
produc tion and not just the trends as given previously. This average 
production of the daughters as determined from the trend of these 
milk yields shows that for 1,000 pounds increase in the milk yield of 
the dam, the daughter’s average increases 316 pounds. In other 
words, the increase of the daughters is about one-third that of th» 
dams. 

The results for butterfat percentage are similar. Dams of higher 
butterfat percentage tend to have daughters that are high in butterfat 
percentage, and dams whose butterfat percentage is low tend to have 
daughters whose butterfat percentage is relatively low. Here, again, 
increase of the butterfat percentage of the dam causes only a fractional 
increase in the butterfat percentage of the daughter. The average 
increase of the daughter’s butterfat percentage for a 1 percent increase 
of the dam’s is 0.42 percent. 

The average milk yield and butterfat percentage of the daughters 
are both larger than those of their dams. The variation of the milk 
vields of these daughters is also somewhat greater than that of their 
dams. The correlation coefficients for the production records of 
daughter and dam are both significant and of medium value. The 
constants are given in table 8. 


TABLE 8.—Comparison of milk yield (pounds) and butterfat percentage of daughters 
and their dams, from the records of the Jersey Registry of Merit 


Milk-yield data Butterfat percentage data 
Item 
Daughter Dam Daughter Dam 
A verage record 10, 028-427 9, 8524-25 4.35 +0. 01 5.31 + 0.01 
Standard deviaiion 2, 420+.19 2, 285+ 18 513+ .004 518+ .004 
Coefficient of variation 24. 1 23.2 9. 6 9.8 
Correlation coefficient 0. 30+0. 01 0. 42+0. 01 


The fact that the daughters’ production is somewhat higher than 
that of their dams is a matter of some moment if it truly represents an 
increase in yield due to better heredity of the daughters or to a better 
understanding of nutrition. Such a change would indicate real 
progress. Unfortunately the differences cannot be directly attributed 
to these causes, for the increase in production is also subject to other 
interpretations. The animals tested for Registry of Merit might 
come from a more highly culled class than their dams, a culling based 
on previous production records. Such a culling would account for the 
small difference observed. 

The relation between the milk yields and the butterfat percentages 
of daughters and dams is shown graphically in figures 1 and 2. The 
irregular line indicates the actual average production of daughters for a 
given production of dams as shown in table 7. The straight lines 
represent the average trend of the data as derived from the regression 
equations. 
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Daughters’ milk yield=6,920+-0.32 dams’ milk yield 


Daughters’ butterfat percentage =3.12+0.42 dams’ butterfat percentage 


The standard deviations and coefficients of variation of milk yield 
and butterfat percentage are well within the range of those ordinarily 
found for dairy cattle. The variation of the butterfat percentage is 
proportionately only two-fifths that of the milk yield. 
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FiGURE 1.—Relation between the milk yields of daughter and dam. Straight line represents averag¢ 
trend of the data; solid line connects averages established by large volume of data and broken line those 
established by few data. 


The correlation coefficients for milk yield and butterfat percentage 
of daughter and dam show that inheritance plays an important part in 
milk secretion. The degree of relationship is lower for milk yield than 
for butterfat percentage as determined for these data. A comparison 
of these results with those from other breeds shows that such a 
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DAM’S BUTTERFAT PERCENTAGE 
FIGURE 2.—Relation between the butterfat percentages of daughter and dam. Straight line represents 


general trend of the data; solid line connects averages established by large volume of data and broken 
line those established by few data. 


difference does not always occur. The correlation coefficients for the 
milk yield and butterfat percentage of Holstein-Friesian cattle are 
0.50+0.02 and 0.41+0.02, respectively. The difference is in a 
direction opposite to that found for the Jerseys. The relation 
between the milk yield and butterfat percentage of daughter and dam 
in the Guernseys is in the same direction as that for the Jerseys, 0.36 + 
0.02 for milk yield and 0.42 + 0.02 for butterfat percentage. 
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The Jersey Registry of Merit cows show a pronounced negative 
correlation between the milk yield of the cow and the butterfat 
percentage of her milk, the larger the milk yield the lower the butterfat 
test of the milk. This correlation is equal to —0.29+0.01 for the 
daughters and —0.27+0.01 for the dams. A slight negative correla- 
tion would therefore be expected between the production of the 
daughters and the butterfat percentage of the dams brought about by 
this physiological relationship. Such zero-order correlations are 
actually found; daughter’s milk yield with dam’s butterfat percentage 
equals —0.12+0.01 and daughter’s butterfat percentage with dam’s 
milk yield equals —0.11+40.01. If these correlations are determined 
with the proper daughter’s and dam’s production or butterfat per- 
centage held constant, the correlations are less in value. The correla- 
tion between daughter’s milk yield and dam’s butterfat percentage for 
a constant butterfat percentage of the daughter and a constant milk 
production of the dam equals 0.08 + 0.02, and the correlation between 
the daughter’s butterfat percentage and the dam’s milk yield for a 
constant daughter’s milk yield and dam’s butterfat percentage equals 
(0.08 + 0.02, values which are scarcely significant. The results are thus 
comparable with those of the Holstein-Friesian breed. 


RELATION BETWEEN MILK YIELD AND BUTTERFAT PERCENTAGE 
OF GRANDPARENTS AND GRANDDAUGHTERS 


Two individuals may have none, any, or all of their grandparents in 
common. In 1 combination they may have all grandparents in 
common; in 4 combinations they may have 3 grandparents in com- 
mon; in 6 combinations, 2, in 4 combinations 1, and in 1 combination 
none—16 cousin combinations in all. Within a single class the degree 
of genetic correlation will also vary. Those individuals with 4 com- 
mon grandparents may have these as the result of a repeated mating 
of the same sire and dam, when they will be full sisters, matings of the 
same sire to full sisters, matings of full brothers to the same cow, or 
matings of full brothers and sisters. On the basis of multiple-factor 
inheritance for a character and random segregation, the expected 
genetic correlations for such individuals are distinctly different. 

There are equally significant differences in the other ancestral 
groups. So far as possible an attempt is made to separate these 
genetically different groups. The data of table 9 show the correla- 
tions between the production of the granddaughters for the different 
combinations of common grandparents. The paternal grandsire is 
represented by A, the paternal granddam by B, the maternal grand- 
sire by C, and the material granddam by D. The first column of 
table 9 shows the number of common grandparents for the particular 
cows whose milk yield or butterfat percentage is correlated. The 
records are presented for individuals having 4, 3, 2, and 1 common 
grandparent. The other possible combinations of grandparents had 
so few pairs of granddaughters for comparison that they are omitted 
from the table. The A C D group, for example, had but 66, the 
B C D but 60, ete. 
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The comparison of milk production or butterfat percentage of the 
pairs of granddaughters shows the largest correlations for the cows 
that have the largest number of grandparents i in common and progres- 
sively smaller correlations as the number of common grandparents 
diminishes. When the cows have four grandparents in common 
because of having had the same sire and dam their milk yields or 
butterfat percentages are most nearly alike, as indicated by the 
correlations 0.39 and 0.41. The next highest correlations are found 
where the cows have three grandparents in common, the paternal 
grandsire and granddam being common to both because the sire was 
the same bull. Following these in the degree of their relationship 
are the cows which have all four erandpare! nts in common, the sires 
of these cows being brothers and the dams sisters. The cows which 
have but two grandparents in common show a still smaller correlation 
between milk yields or butterfat percentages. Cows with but one 
common grandparent show the smallest relation between their 
productions. The results of this study are consequently what would 
be expected for an inherited character, namely, that the greater the 
number of common ancestors the greater the degree of resemblance 
between the related individuals. 

The number of pairs having the common ancestors shown in table 
9 is enlightening. There are 609,676 possible pairs of cows in these 
data having a common paternal grandsire, A; 144,052 pairs having a 
common paternal granddam, B; 89,764 cows having a common ma- 
ternal grandsire, C; and 11,374 having a common maternal grand- 
dam, D. For the first generation there are 112,390 pairs of cows 
with common sires to 5,644 with common dams. The notably greater 
distribution of the sire’s germ plasm is evident. Of the 609,676 pairs 
with common paternal grandsires a third had other common grand- 
parents. Of the 144,052 pairs with B in common, 82 percent had 
other common grandparents. In the maternal line 29 percent of the 
cows having a common grandsire had other common grandparents, 
while of the cows with common granddams 72 percent had other 
common grandparents. Some combinations of grandparents are 
quite rare. It is unlikely that two cows would have A C D, BC D, 
A D, or B D in common without having other common grandparents. 
This uneven distribution of grandparents becomes significant in 
considering ancestral correlation for milk yield or butterfat percent- 
age, especially when these are obtained by indirect means (ratio of 
standard deviation of daughters of a single sire to the standard devia- 
tion of the whole population), since the chance of the cows having 
other ancestors repeated besides the sire in question is great. The 
means and standard deviations of the different ancestral groups vary 
somewhat. The variation does not appear to be excessive, however. 


PATERNAL GRANDDAM 


The effect of the inheritance received from the granddam on the 
granddaughter’s milk secretion may be measured directly by com- 
paring the amount of milk secreted by each pair of granddams and 
granddaughters. There are 2,709 pairs of paternal granddams and 
granddaughters for comparison. The data showing the average 
granddaughters’ records for given productions of the paternal grand- 
dams are presented in table 10. 
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TABLE 10.—Relation between granddaughters’ and paternal granddams’ milk yield 
(pounds) and butterfat percentage in 2,709 pairs of records 


Pairs of Pairs of | », Pairs of Pairs of} pasar. 
grand- | Pater- Grana- grand- ; —_ Grand- || grand- | Pater- Grand- grand- I — Grand- 
daugh- na y mn daugh- ont daugh- || daugh- i daugh- daugh- grand- daugh- 
ter- grand-| “yo ter- et ter’s ter- grand- |“). ter- a | are 
grand- | dam’s| © ilk grand- = * | butter- || grand- | dam’s bar grand- a * | butter 
dam milk viel i dam yen fat per- dam milk viel i dam fat a ‘at per 
(num- | yield yen (num- |  per- centage (num- yield yun (num- | pe centage 
ber) ber) centage | ber) ber) centage 
| 
$ 5, 500 9,500 || 10 4.1 5.16 || 157 13, 500 | 11,017 448 5.7 5.44 
XS 6, 500 9, 300 || 87 4.3 5.12 || 7 14, 500 | 10,424 195 , 5.9 5.42 
252 7, 500 9, 130 169 4.5 5. 06 || 94 15, 500 | 11, 195 122 6.1 5. 48 
458 8, 500 9,479 118 4.7 5. 32 82 16, 500 | 11,019 27 6.3 5. 56 
Sil 9, 500 9, 701 372 4.9 5. 28 182. 17,500 | 10,815 34 6.5 5. 46 
433 10, 500 | 10, 504 || 379 5.1 §. 28 || 20.... 18,500 | 9,750 || 19. __. 6.7 5. 49 
363 11,500 | 10,173 || 305 5.3 5. 34 || 28 19, 500 | 10,640 || 2 6.9 1. G1 
167 12, 500 9, 693 422 5.5 5. 46 


The general trend of the granddaughters’ production in either milk 
or butterfat percentage for increasing production of the granddams is 
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FiGuRE 3.— Relation between the milk yields of granddaughters and paternal granddams. Straight line 
represents average trend of the data; solid line connects averages established by large volume of data and 
broken line those established by few data 


toward somewhat larger values. For 1,000 pounds increase in the 
paternal granddams’ milk yield, the granddaughters’ milk yield 
increases 159 pounds. The increase of the granddaughters is conse- 
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FIGURE 4.—Relation between the butterfat percentages of granddaughters and paternal granddams. 
Straight line represents average trend of the data; solid line connects averages established by large volume 
of data and broken line those established by few data. 


quently about one-sixth that of the granddams. The results for 
butterfat percentage are similar. In general paternal granddams 
whose butterfat percentage is high have granddaughters with some- 
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what higher butterfat tests than do granddams whose butterfat 
percentage is low. On an average when there is a 1-percent difference 
in the butterfat percentage of the granddams, the average tests of the 
granddaughters differ by 0.21 percent. These results are shown in 
figures 3 and 4. The constants to measure these are shown in table 11. 


TABLE 11.—Comparison of milk yield (pounds) and butterfat percentage of grand- 
daughters and paternal granddams, from the records of the Jersey Registry of 
Merit 


Milk-yield data Butterfat percentage data 
Item 
Grand- 1 1 1 
daughter Granddam |Granddaughter| Granddam 
A verage record 10, 057+31 11, 146+40 5.35 +0. 01 5.32 +0.01 
Standard deviation ‘ 2, 430+22 3, 105+28 . 509+ . 005 501+ . 005 
Coefficient of variation 24. 2 27.9 9.5 9.4 
| Correlation coefficient 0. 2040. 01 0. 2140. 01 
! 


The supposed changes of domestic breeds of animals since they 
separated from their wild progenitors have furnished presumptive 
evidence for the theory of evolution. The presumed changes in the 
milk yields of dairy cattle have played their part in this argument, a 
part possibly greater than the facts warrant, for records of production 
adequate enough for any real selection are a recent acquisition to 
animal husbandry. It is questionable if prior to our own generation 
there was any selection of dairy stock for breeding which was con- 
certed enough to be in any sense effective. The production of the 
paternal granddams when compared with that of the whole Jersey 
breed and with that of the maternal granddams indicates that selec- 
tion for larger milk secretion is in progress in the Jerseys. The aver- 
age milk yield of these paternal granddams is about 1,100 pounds 
more, that is, one-tenth more than for the average cow in the advanced 
registry. The evidence thus shows that there has been a real selection 
of bulls used for breeding on the basis of the milk-production record 
of theirdams. No such selection has been practiced for the butterfat 
percentage, however, the average butterfat record of the paternal 
granddam being no higher than that of the breed average. The 
selective breeding that is actually practiced emphasizes the milk yield. 
The degree of this selection within the Jersey Registry of Merit 
animals is greater than it is with a sister breed, the Holstein-Friesian, 
as shown by similar studies of this breed. 

The foregoing data arranged to give the granddaughters’ probable 
milk secretion when they have paternal granddams of known produc- 
tion Is: 


Granddaughter’s milk yield =8,286+-0.16 paternal granddam’s milk yield 


Granddaughter’s butterfat percentage = 4.21 + 0.21 paternal granddam’s butterfat 
percentage 


These equations give the mean production of the granddaughters. 
The variation on either side of this mean necessary to include 50 per- 
cent of the granddaughters from granddams of the same yield is 1,619 
pounds for the milk yield and 0.34 for the butterfat percentage. To 
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include 99 percent of the granddaughters, the range is 6,185 pound 
for the milk production and 1.30 for the butterfat percentage. 





MATERNAL GRANDDAM 


The production records of 1,466 granddaughters and the correspond- 
ing record for the maternal granddams are shown in table 12. 
There is a definite increase in milk secretion by the granddaughters as 
the milk secreted by the maternal granddam increases. This increase 
is somewhat irregular but the trend is evident. For each 1,000 
pounds increase in the granddams’ production of milk the grand- 
daughters show an average rise of 155 pounds, or about one-sixth of 
the granddams’ increase. For the butterfat percentage an increase 
of 1 percent for the granddams results in an increase of 0.26 percent 
in the average granddaughters’ butterfat percentage. 


TABLE 12.—Relation between granddaughters’ and maternal granddams’ milk yield 
(pounds) and butterfat percentage in 1,466 pairs of records 


Grand Grand- . _ Grand- Grand- aa, ee 
daugh- | Mater- | Grand-|| daugh- — —_ daugh- | Mater-| Grand-|| daugh- wi —_ 
ter nal | daugh ter- |, = i h —s 2 ter- nal | daugh- ter- |, ccs i ‘ — oA 
grand- | grand- |ter’s av-|) grand yo ers@V-) grand- | grand- |ter’s av-|| grand- a pedictncy 
dam dam's | erage dam i cre hl Pes a dam dam's | erage don lo ee, 
- yutter-| butter- . butter- | butter- 
pairs milk milk PRBS | tt nor.| fat ere pairs milk milk pairs | tat per-| fat per- 
(num- | yield | yield |} (num- | /8! per=) Tat per (num- | yield | yield || (num- | ‘8! Per | Tat per 
ber ber centage, centage ber) ber) centage centage 
109 7,000 | 9,210 ~ 4.2 4.82 | 50 13, 500 | 10, 980 203 5.5 5. 43 
239 7, 500 9, 990 27 4.3 5.12 || 24 14, 500 | 10,540 198 5.7 5. 44 
402 8, 500 | 9, 800 80 4.5 5. 24 || 12 15, 500 | 11, 000 123 5.9 5. 53 
209 9, 500 | 10,310 107 4.7 5.17 || 7 16, 500 | 11,070 76 6.1 ». 60 
208 10, 500 | 10, 330 166 4.9 5. 26 15 17, 500 | 10,570 32 6.3 ». 56 
128 11,500 | 10, 380 167 §.1 5.32 || 6 218,000 | 12, 500 33 26.4 5. 70 
67 12, 500 | 10, 250 246 5.3 5. 36 
Below 2 Above 


The average milk yields and butterfat percentages of the grand- 
daughters are somewhat larger than those of the maternal granddams. 
The averages and constants of variation for the 1,466 pairs are given 
in table 13. 


TABLE 13.—Comparison of milk yields (pounds) and butterfat percentage of grand- 
daughters and maternal granddams, from the records of the Jersey Registry of 





Merit 
Milk-yield data Butterfat percentage data 
Item 
Grand- , Grand- , 
Gri ‘ Gr: ‘ 

daughter jranddam daughter iranddam 
Average record 10, 125445 9, 623439 5.37 +0. 01 5.35 +0. 01 
Standard deviation 2, 549+32 2, 236428 517+ . 006 513+ . 006 
Coefficient of variation 25. 4 23.2 9.6 9.6 
Correlation coefficient 0. 13640. 017 0. 254+0. 016 


The average milk production of the paternal granddams was more 
than 1,100 pounds greater than the average of all cows that had been 
tested. The evidence was consequently in line with the belief that 
the bulls used as breeders came from dams that produced more than 
the average amount of milk. Such a selection for all animals within 
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the ancestry could conceivably affect the production of milk. It is 
a significant fact that the average production of the maternal grand- 
dams, 9,623 pounds, is, if anything, below average rather than above it. 
These cows are probably not so far below the breed average as would 
uppear from the figures, for an increase in recorded production has 
been going on within the Jersey Registry of Merit for some time, 
owing possibly to better breeding or perhaps to a better understand- 
ing of those factors that make for a high test record and to a more 
stringent selection of the animals that enter the test. Such an in- 
crease would make the lower producing maternal granddams, since 
they would be one decade removed, really average-producing cows 
for the breed. The conclusion is therefore warranted that the cows 
selected for paternal granddams are a highly selected group while 
the maternal granddains are not more than average cows. As the 
data on the inheritance of production all point to the fact that the 
sire’s side and the dam’s side of the pedigree are equally important 
in determining the milk production of their progeny, and as the 
maternal granddams are no better than breed average in production, 


14,500 


11,500 


GRANDDAUGHTER’S 
MILK YIELD (POUNDS) 





ae 5,500 10,500 15,500 


‘ 20,500 
MATERNAL GRANDDAM’S MILK YIELD (POUNDS) 


FIGURE 5.—Relation between the milk yields of granddaughters and maternal granddams. Straight 
line represents average trend of data; solid line connects averages established by large volume of data 
and broken line those established by few data 


it is apparent that no selection of the higher producing cows for 
breeders has been practiced. Good breeding practice calls for a 
selection of better producing maternal granddams. The butterfat 
percentages of the granddaughters and the granddams are essen- 
tially the same. Furthermore they are practically the same as 
those found for the average of all the advanced registry. These facts 
point to the conclusion that the breeding of Jersey cows for butterfat 
percentage is practically at random. 

The average production of the granddaughters for a given produc- 
tion of the maternal granddams is shown graphically in figure 5 for 
milk yield and in figure 6 for butterfat percentage. The straight 
lines which represent the average trend of the data are derived from 
the following equations: 


Granddaughter’s milk yield =8633+0.16 maternal granddam’s milk yield 


Granddaughter’s butterfat percentage = 4.00+0.26 maternal granddam’s butter- 
fat percentage 


These equations, like others presented, simply represent average 
trends. The variation necessary to include 50 percent of the daugh- 
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ters around this average is 1,722 pounds of milk and 0.35 percent ot 
butterfat on either side of this average value. The range necessary 
to include 99 percent of the granddaughters having maternal grand- 
dams of a single grade of production is 6,539 pounds of milk or 1.33 
percent of butterfat on either side of this production. 

The relative contributions of the paternal and maternal granddams 
to the productivity of the granddaughter are important. A com- 
parison of the records of maternal granddams found in this section 
with those shown in the section on paternal granddams gives the 
impression that the effects of these two grandparents are essentially 
alike. The coefficients of correlation for a grandparent and the grand- 
child for any Mendelian character dependent on multiple factors 
for its expression would be expected to equal 0.25 if the breeding has 
been at random within the group of animals studied. The data just 
presented show that there has been but little selective breeding within 
the Jerseys so far as the maternal granddams are concerned. The 
correlation coefficient between the maternal granddam’s milk yield 
and that of the granddaughter is consequently only about half the 
value that would be expected, 0.136 to 0.25. The value of the 
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FIGURE 6.—Relation between the butter-fat percentages of granddaughters and maternal granddams. 


Straight line represents average trend of data; solid line connects average established by large volume 
of data and broken line those established by few data. 


correlation coefficient for the butterfat percentages, 0.254, is as 
expected. 

The correlation coefficients for the paternal granddams’ and grand- 
daughters’ milk yields and butterfat percentages were, respectively, 
0.2 and 0.21. The paternal granddams showed a slightly larger cor- 
relation coefficient for milk yield and a slightly smaller coefficient 
for butterfat percentage than did the maternal granddam. The 
results throughout are of the same general order of magnitude. 
From these results it may be concluded that the influence of the 
paternal and maternal granddams on the granddaughters’ milk 
yield and butterfat percentage is of nearly equal value; in other 
words, the contribution of these animals to the granddaughters’ 
inheritance is practically the same. This conclusion is strengthened 
by a comparison of the results from the three breeds, Holstein- 
Friesian, Guernsey, and Jersey. In all cases the two types of grand- 
parents are about equally important. In terms of correlation these 
relations for granddaughters’ and granddams’ records are, for milk 
yield: Paternal granddam, Holstein-Friesian, 0.26 + 0.04; Guernsey, 
0.1640.07; and Jersey, 0.20+0.01; for the maternal granddam, 


Holstein-Friesian, 0.31+0.05; Guernsey, 0.20+0.02; and Jersey, 
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(.14+0.02. Similar results were obtained from a study of the 
butterfat percentages. For the Holstein-Friesian, Guernsey, and 
Jersey breeds, the butterfat percentages of the paternal granddams 
are correlated with those of their granddaughters to the following 
extent: 0.09+0.04, 0.15+0.07, and 0.21+0.01. The maternal 
granddams’ butterfat percentages are correlated with their grand- 
daughters’ as follows: Holstein-Friesian, 0.19+0.05; Guernsey, 
().20+0.02; and Jersey, 0.25+0.02. The average correlations of 
the grandparents with those of the granddaughters are, for milk 
yield, 0.21, and for butterfat percentage, 0.18. 

If these average correlations for the grandparents are compared 
with the average correlation of the daughters and their dams as 
given earlier, 0.45 for milk yield and 0.42 for butterfat percentage, 
they are seen to be nearly half the value. This is as it should be if 
the inheritance of the characters milk yield and fat concentration in 
the milk are dependent upon multiple Mendelian factors assorting 
at random. 

ASSORTIVE MATING 


With milk and its products occupying such an important place in 
the economic structure of our agriculture, it would seem that there 
would be a definite tendency on the part of breeders of dairy cattle 
to mate like individuals. The actual amount of such assortive mating 
has an interest to all students of breeding because it measures the 
effective selection and breeding which is taking place within dairy 
cattle for a given character. If selection with assortive mating is 
to be a real force in molding the characteristics of the breed, several 
points must be kept in mind. First and foremost, the sires to be used 
in the different herds must, in large part, come from superior parents. 
As already shown, many of the Jersey sires meet this qualification. 
Such sires should then have the best mates which the breed affords. 
Some measure of the amount of this selective breeding may be had 
by relating the milk yield of the sire’s dam with the milk yield of the 
cows to which he is bred. This information is given in table 14. 


TaBLeE 14.—Relation between dams’ and paternal granddams’ milk yield (pounds) 
and butterfat percentage in 1,375 pairs of records 


Dam- Dam- Dam- Dam- 
yvater- | Pater- +, | pater- | Pater- pater- | Pater- am’c | pater- | Pater- 
’ nal nal Dem s|¥ né nal Dam’s nal nal —_ S|“ nal nal | Dam’s 
grand- | grand-| *Y®T | grand- | grand-| butter- || grand- | grand-| * e | stand- | grand- | butter- 
dam | dam’s onk | dam | dam’s | fat per- dam dam’s milk dam | dam’s | fat per- 
pairs milk viel i pairs milk | centage pairs milk vield pairs milk | centage 
(num- | yield ie | (num-| yield (num- yield haa (num- | yield 
ber) ber) ber) ber) 
45.... 17,000 8, 830 51 14.4 5.39 || 82... 13, 500 | 10,670 262 5.7 5. 39 
103......| 7,500 9, 520 4 4.5 5. 22 || 37 14,500 | 9, 580 83 5.9 5. 42 
246 8, 500 9, 440 62 4.7 5. 37 || 65 ‘ 15, 500 | 10,810 61 6.1 5. 42 
131... 9, 500 9, 770 193 4.9 5. 30 || 42 ...| 16, 500 | 10, 600 q 6.3 5. 59 
210 10, 500 | 10,110 | 188 5.1 5. 39 138 17,500 | 10,790 15 6.5 5. 33 
165 11, 500 | 10, 140 | 160 5.3 5. 38 || 30 .|? 18,000 | 11, 200 10 6.7 5. 36 
81 12, 500 | 10, 230 | 197 5.5 5. 33 | 
i Below 2 Above. 
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There are 1,375 sires whose dams’ production is known bred to 
cows whose own production records are known. In the terminology 
of this study, since it is based on the daughters, these ancestors have 
the relation paternal granddam to dam in the pedigrees. The data 
of table 14 show that there is a fair relation between the production of 
the paternal granddams and that of thedams. Sires with dams having 
larger milk yields tend to be bred to cows which are themselves better 
than average in production. For every 1,000 pounds of milk increase 
in the paternal granddam’s production, there is an increase of 140 
pounds in the production of the dams. 

The facts are different for the butterfat percentages. There is 
practically no relation between the paternal granddams’ butterfat 
percentages and those of the dams. 

The average milk yield and butterfat percentage of these two 
groups, together with their variations and correlations are shown in 
table 15. : 


TABLE 15.—Comparison of milk yield (pounds) and butterfat percentage of paternal 
granddams and dams, from the records of the Jersey Registry of Merit 


Milk yield data Butterfat percentage data 
Item 
Granddam Dam Granddam Dam 
Average record 11, 526+61 10, 042445 5. 31+0. 01 5. 36+0. 01 
Standard deviation 3, 336+43 2, 491432 49+ .01 494+ . Ol 
Coefficient of variation 28.9 24.8 9.2 9.1 


Correlation coefficient 0.20+0.02 0.06+-0.02 


As indicated earlier, the milk yield of the paternal granddams is 
considerably larger than that of the rest of the breed. Their butter- 
fat percentages are but average, however. The dams’ production 
and butterfat percentage are comparable to those of the rest of the 
breed. The correlation coefficient for the milk yields of these two 
ancestors is 0.20 + 0.02 and for the butterfat percentages, 0.06 + 0.03. 
Consequently the data show a little assortive mating for milk yield 
but none of any consequence for butterfat percentage. The correla- 
tions for these ancestors in the Jersey pedigrees are just a little higher 
than those for other breeds. The correlations for the paternal 
granddams and dams are: Holstein-Friesian, 0.14+ 0.06 for milk 
vield and 0.001 + 0.061 for butterfat percentage; and Guernsey, 0.13 

0.02 for milk yield and 0.01+0.02 for butterfat percentage. The 
probable errors show that the values are comparable. 

Another measure of assortive mating as practiced in Jersey cattle 
breeding is the relation between the records of the paternal and 
maternal granddams. The average milk yields and butterfat per- 
centages of the maternal granddams for given yields of the paternal 
granddams are seen in table 16. There are 1,146 pairs of paternal and 
maternal granddams in the pedigrees of these Jersey cattle. <A 
slight trend is noted in the relation of the milk yields, but there is no 
particular change in the butterfat percentages of these grandparents. 
The data showing the variations and correlations of the two groups 
are given in table 17. 
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TaBLeE 16.—Relation between the paternal and maternal granddams’ milk yield 
(pounds) and butterfat percentages in 1,146 pairs of records 


Paternal | Maternal Paternal | Maternal 





om “ grand- grand- 
Paternal and maternal grand- —_ one A Paternal and maternal grand-| dam’s dam’s 
dam, pairs (number cms pone hag dam, pairs (number) butter fat butter fat 
milk milk : 
yield yield percent- | percent- 
age age 
8 7,000 8, 280 || 21 4.4 
24 7, 500 9,170 | 28 4.5 
9 8, 500 9,560 || 27 4.7 
") 9, 500 9, 250 || 57 1.9 
1 10, 500 10,120 | 65 . 
63 11, 500 10,010 | 57 1.3 
‘4 12, 500 9, 740 |, 75 5 
27 13, 500 10, 200 128 . 7 
11 14, 500 10, 680 || 29 5.9 
25 15, 500 10, 660 || 21 6.1 
14 16, 500 10,140 | 14 26.2 
75 17, 500 9, 850 
il 18, 000 10, 230 
! Below 2 Above 


The selection of the sires on the basis of the record of their dams 
is again evident in these data; these cows producing 2,000 pounds of 
milk more than the dams of the cows to which the sires will be bred. 
These cows are not selected for their butterfat percentage. The 
standard deviation of the paternal granddams’ milk vield has like- 
wise markedly increased, the increase being correspondingly greater 
than the average milk yield, as shown by the larger coefficient of 
variation. The correlation coefficient for the milk yields of these 
granddams is statistically significant, showing that there is some 
assortive mating. 


TaBLE 17.—Comparison of milk yield (pounds) and butterfat percentage of paternal 
and maternal granddams, from the records of the Jersey Registry of Merit 


Milk-yield data Butter at percentage data | 
Item 

Paternal Maternal Paternal Maternal 

granddam granddam granddam granddan 

A verage record 11, 847+ 102 9, 807+70 5. 34+0. 01 5. 374-0. 01 

Standard deviation 3,4644 72 2, 366+49 50+ . O01 464. .01 
Coefficient of variation 29.2 24. 1 9.4 8.6 
Correlation coefficient 0. 12+0. 03 0. 13-0. 03 


The degree of assortive mating in Jersey breeding as it is now 
practiced is essentially the same as that noted in the Holstein-Friesian 
and Guernsey breeds. The relations between the milk production 
and butterfat percentage of the dams and paternal granddams in 
these two breeds were found to be essentially like those given above, 
viz, 0.14+0.06 and 0.13+40.02 for milk yield and 0.00+0.06 and 
0.01 +0.02 for butterfat percentage. The similarity is also carried 
to the paternal and maternal granddam relations, the correlations 
being, for Holstein-Friesian, 0.30 + 0.09 for milk yield and 0.04 + 0.09 
for the butterfat percentage, and Guernseys 0.10 + 0.03 for milk yield 
and 0.12 + 0.03 for butterfat percentage. 
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These assortive mating coefficients are all low. They are com- 
parable to those recorded by Pearson and Lee (18) for stature, span, 
and forearm length in man. They are somewhat lower than those 
noted for weight, height at withers, depth at withers, heart girth, 
and paunch girth in a similar group of cows in this same Jersey breed, 
and they are much lower than those noted for the width at hips, body 
length, and rump length of Jersey cattle (16). The Jersey cattle, 
and quite possibly other breeds, are in the anomalous position of 
having the emphasis placed on their conformational points, the fancy 
points, rather than on the milk yield or butterfat percentage, the 
economic points in their breeding. 













































RELATIVE INFLUENCE OF HEREDITY AND ENVIRONMENT ON 
MILK YIELD AND BUTTERFAT PERCENTAGE 


The correlation coefficients for the different ancestral combinations 
furnish the material from which an estimate may be obtained of the 
relative importance of the effects of heredity and environment on 
milk production and butterfat percentage. Since the parents of a 
cow are reared to maturity some years before the animal’s own growth 
period it is evident that the environment of the parent and offspring 
are likely to be quite different. Full and half sisters, on the other 
hand, are likely to be raised together at the same period of their 
development. Such being the case, the environmental influences of 
similar feeding, care, etc., would tend to make them alike. The 
effect of the similarity in conditions surrounding these sisters is repre- 
sented in Wright’s (25, 26, 27, 28, 29) terminology by e?. The effect 
of heredity he calls h?, and the determination of heredity by dominance 
deviation d’, in the correlation between genotypes of different mates. 
The effects of the common environment and of dominance could 
theoretically be combined in all gradations. The analysis of the 
limiting cases (1) assuming dominance to be nonexistent, and (2) 
assuming the environmental effect to be absent is much simpler, 
however. By comparing the results of these analyses it is possible 
to determine the effect of each variable on the milk secretion and 
butterfat percentage of the Jersey cow. The correlations presented 
lead to the following equations: 

Assortive mating is somatic and genetic factors are without 
dominance: 


m >ph2 . 
l'sa a h? Tso - Tao 1/2h (1 T Isa) 


(1) 
Noo = 1/2h2(1+m)+e loo = 1/4h?(1+2m+m') + e,’, 
where s=sire, d=dam, o=daughter, 00 =sister, and oo' =half sister. 
Assortive mating as above but with genetic factors showing domi- 
nance and no effect of environment: 


m 


h?(1 —d?) 


Pea Tso = lao = 1/2h?(1 — d?) (14+ 15a) 


(2) 
Pa. we 
roo = 1/2h{ 1-5 )a +m) Poo! /4h2(1 — a2) (1 +2m +m!) 


\ 


~ 
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Assortive mating is genetic and no dominance of factors, environ- 
ment as before: 


rea =h?m lso= Yao = 1/2h?(1 +m) 
eae (3) 
loo = 1/2h?(1+m) +e,” Poo! = 1/4h?(1 + 2m+m') +e? 


The numerical data necessary to complete this analysis as taken 
from the material previously presented are as follows: Correlation 
coefficients for the relation of the milk yields or butterfat percentages 
of half sisters with a common sire 0.24 and 0.25, sisters 0.39 and 0.41, 
half sisters with a common dam 0.19 and 0.2, daughter and dam 0.3 
and 0.42. The assortive mating correlation between the sire and dam 
remains to be determined. The fact that the correlations between 
parent and offspring are 0.3 and 0.42, those between the paternal 
granddam and dam are 0.2 and 0.06, and those between the paternal 
and maternal granddams are 0.12 and 0.13, shows that the assortive 
mating correlations between the sire and dam are approximately 
0.07 for milk yield and 0.01 for butterfat percentage. These correla- 
tions give the following values (table 18) for measuring the effect 
of dominance (d?) and of variations in heredity (h?) and environment 
(e”), ete., on the Jersey cow’s milk secretion and butterfat percentage. 


TABLE 18.—Values for measuring the effect of dominance and of variations in 
heredity and environment, etc., on milk secretion and butterfat percentage of 
Jersey cows 


Item h2 e m m! a 

Hypothesis (1) 

Milk yield 0. 56 0. 10 0. 04 —(). 21 

Butterfat percentage 83 | —. 01 01 09 
Hypothesis (2): 

Milk yield 96 04 49 0.41 

Butterfat percentage 79 01 04 —.05 
Hypothesis (3) 

Milk yield 53 . 09 13 —. 28 

Butterfat percentage 83 —. 01 01 08 


The analyses of the data on the interrelation of the daughters’, 
parents’, and sisters’ milk secretion allow us to form some estimate 
of the effects of inheritance, environment, and differences in dominance 
on the observed variation in milk yield and butterfat percentage. 
The analytical material tabulated presents the extreme hypotheses. 
Possibly these hypotheses could be modified and combined in all 
gradations between these extremes. The results from such combina- 
tions would be intermediate, however, so that conclusions reached 
on the basis of this material would be essentially correct for such 
intermediate hypotheses. 

The conclusions reached by hypothesis (1), assortive mating based 
on somatic resemblance and genetic factors without dominance, and 
(3), assortive mating genetic and no dominance of factors, are essenti- 
ally the same, both qualitatively and quantitatively. Variations in 
heredity accounted for about half of the observed variations in milk 
yield and four-fifths of the observed variations in butterfat percentage. 
Environmental variations which have a common effect on the sisters’ 
milk yield account for but 10 percent of the variation. On general 
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grounds this slight effect of environment seems too little, but such 
may not be the case since the cows which are to make the Registry 
of Merit are apt to have a more uniformly good environment than 
possibly the majority of cows in the breed. The minus value of the 
correlation between the genotypes of the sire’s mates appears to be 
contrary to what would be expected for the Jerseys since these mates 
would tend to be positively correlated on two grounds, namely, that 
they are apt to be related genetically, and that what selection is 
practiced is in the direction of making the cows similar in production. 
This contradiction is further emphasized by the correlation actually 
observed for the milk production (r= + 0.17) and butterfat percentage 
(r=0.15) of the sire’s mates. A fairly large probably error is to be 
attached to the —0.28 observed, however, so that it may not be 
significant. Other than this discrepancy, the results of both analyses 
look quite reasonable. 

Wide crosses of low and high milk-producing breeds have furnished 
definite evidence of the partial dominance of high milk production 
(6, 8, 9, 10, 19). If partial dominance does exist we should expect 
that hypothesis (2) would lead to a fair portrayal of the conditions 
in the breeding of these Jerseys. This analysis indicates that heredity 
determines 96 percent of the variation in milk yield and 79 percent 
of that in butterfat percentage. The assortive mating coefficients 
between the sire and cows to which he is bred are low for both the 
milk yield and butterfat percentage. The correlation for the sire’s 
mates is positive and fairly large for milk yield, a fact that might be 
expected from a general knowledge of the Jersey breed. The same 
correlation for the butterfat percentage is low. These correlations, 
on the whole, agree better with those observed, 0.17 and 0.15, than 
in the two previous hypotheses. The effect of the dominance ratio 
is rather high. It does agree with the data on the crosses of breeds 
widely different in milk yield in showing more effect of dominance on 
milk yield than on butterfat percentage. 

The probability seems to be that the hypothesis which would most 
nearly meet the conditions in these Jerseys is intermediate between 
those discussed. If this is so, it may be concluded that the inherit- 
ance of the cow controls between 50 and 70 percent of the variation 
in milk yield and between 75 and 85 percent of the variation in 
butterfat percentage. The effect of environment on milk yield is 5 
to 10 percent. There is little relation between the sire’s genotype 
and the genotypes of the cows to which he is bred, but there is a fair 
relation between the genotypes of these cows. Finally, the effect of 
dominance of genes for milk yield is fairly well marked, whereas that 
for genes for butterfat is small. 

Heredity is even more prominent in the results from a similar 
analysis of the relations between the granddaughters, grandparents, 
and various cousin combinations. These analyses show that heredity 
accounts for 78 percent of the variation in milk yield and 95 percent 
of the variation in butterfat percentage. The effect of environment 
on the milk yield of the cousins was 13 percent, whereas that for the 
butterfat percentages was but 2 percent. 

The genetic correlations between the genotypes according to 
hypothesis (1), assortive mating somatic without dominance, and 
hypothesis (3), assortive mating genetic without dominance, lead to 
much the same values. Determined on the basis of hypothesis (1), 
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the parent and offspring correlations for milk yield and butterfat per- 
centage are 0.54 and 0.51, respectively, the sister correlations are 
0.52 and 0.50, respectively, and the half-sister correlations are 0.22 
and 0.28. Determined on the basis of hypothesis (3), the same cor- 
relations are 0.56 and 0.51 for the parent and offspring and sisters 
and 0.25 and 0.28 for the half sisters. Again there is remarkable 
agreement between the results, either hypothesis apparently being 
adequate to explain them. The view consequently appears justified 
that the variation in the milk yields of these Jersey cows is largely 
due to heredity, environment playing but a small part. The theory 
that some of the factors for high milk yield show partial dominance 
also receives some slight support from this analysis. In the control 
of the variation of the butterfat percentage, heredity is the major 
factor, environment or dominance having little effect. 


DISCUSSION 


In the preceding section an attempt has been made to give definite- 
ness to the terms “inheritance of milk yield” and “‘butterfat per- 
centage’’ insofar as they relate to Jersey Registry of Merit cattle. 
The multiplicity of factors which have been shown to affect milk 
secretion have sometimes been allowed to cloud this issue. While 
the milk record of a cow is presumably the product of such independ- 
ent characters as body constitution, good mammary-gland capacity, 
adequate secretory tissue, disease resistance, and breeding ability, 
and such environmental variables as adequate food for the full 
expression of the animals’ inherent constitution for growth and pro- 
duction (15, pp. 512-513), so are most other inherited characters. 

From the data in this paper it has been possible to separate roughly 
the variation of environment and the variation of the inheritance as 
they have influenced the milk secretion of these Jersey Registry of 
Merit cows. The analyses of these effects lead to the conclusion that 
the variations in feeding, care, and management of the cows, insofar 
as they are common to such close relatives as sisters, are much less 
important than those of heredity. The effect of the environment 
which is common only to the cow herself is more important than the 
environment common to sister cows. For milk yield the inheritance 
of the cow was found to control 50 to 70 percent of the variation in 
production; the environment common to sisters, 5 to 10 percent, and 
factors (some hereditary, such as dominance, and some environ- 
mental) common only to the cow herself, 20 to 45 percent. For the 
butterfat percentage the inheritance controls 75 to 85 percent of the 
variation, the environment common to sisters has no apparent effect, 
and the influences common only to the cow herself control 15 to 25 
percent. Similar data obtained by the writer (//, 13, 14) on the 
Holstein-Friesian and Guernsey breeds led to similar conclusions. 

The contribution which inheritance makes to the variation in the 
milk yields of these Jersey cows may itself be separated and the 
parts contributed by the various ancestors may be allotted to them. 
Individually considered, the immediate parents are found to con- 
tribute most, the effect of the sire’s and dam’s contribution to the 
daughter’s milk secretion being essentially the same. No evidence 
that one parent consistently dominated the production of the off- 
spring was found. The level of production which any cow has is the 
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resultant of the interaction of the genes transmitted to it by its 
parents. The variation in the productions of the daughters of any 
pair of parents seems to be accounted for by the chance at segrega- 
tion and fertilization of the factors contained in the daughter’s sire 
and dam. The parents’ genetic constitution thus has an average 
value for milk production as well as a prescribed range which it may 
transmit to its progency, the factors transmitted by the male having 
an equal effect or ‘‘potency”’ with those transmitted by the female. 
This conclusion does not mean, as some have interpreted it, that 
the offspring of any given mating will have daughters whose milk 
yield will take a single value, a mean between the two parental pro- 
ductions; chance at maturation and segregation of the genes pre- 
cludes that. The milk yield of the daughters, provided they are 
sufficient in number, will rather approach an average value deter- 
mined by the genes possessed by the two parents, and will have a 
variation fixed by the segregation of their parents’ heterozygous genes. 

The correlation coefficients between the milk production of daugh- 
ters and dams are 0.30 + 0.01 for milk yield and 0.42 + 0.01 for butter- 
fat percentage. These coefficients are comparable to those for the 
Holstein-Friesian, 0.50 + 0.02 for milk yield and 0.41 + 0.02 for but- 
terfat percentage, and for the Guernsey, 0.36+0.02 and 0.42 + 0.02. 
Similar daughter-dam correlations on butterfat yield have been noted 
by Turner (23) for Guernseys, 0.30, and for Jerseys (24), 0.35+ 0.01; 
by Gifford as reported by Turner (24), for Ayrshires, 0.25 + 0.02; 
Agar (3), for the Red Poll, 0.24+0.06, and by Copeland (4) for 
Jerseys, 0.40+0.03. Heizer (17), studying the records of a pure- 
bred Ayrshire herd, obtained daughter-dam correlations of 0.51 + 
0.03 for milk yield and 0.59 + 0.02 for butterfat percentage. While 
certain of these correlation coefficients are statistically different from 
one another, their general trend points to a correlation between the 
daughter-dam milk yields or butterfat percentages of the different 
groups of dairy cattle of 0.4. 

In a study of the daughter-dam correlations for eight different 
measurements of conformation in Jersey cattle (15), correlations of 
0.37 were obtained between their estimated weights; 0.40 between 
their measured height at withers; 0.32 depth at withers; 0.42 heart 
girths; 0.35 paunch girths; 0.59 width at hips; 0.49 body length; and 
0.64 rump length. These correlations, in contrast to those for milk 
yield, are influenced materially by a large assortive mating between 
the sizes of sire and dam. The data considering this assortive mating 
are comparable with those for milk yield and butterfat percentage as 
presented above. 

Data quite similar to those contained in table 9 have been presented 
for Scottish Ayrshires (20, 21, 22). These data show the variance of 
the differences in production of the given pairs of ancestors rather 
than the correlation coefficients, a measure which leads to identical 
conclusions with the intraclass correlations. These variances for the 
butterfat percentage of granddaughters having A as the common 
grandparent are practically the same as those for granddaughters 
having C as the common grandparent. This fact is interpreted as 
showing that butterfat is autosomal in its inheritance. The earlier 
data on the butterfat percentage of the Holstein-Friesian and 
Guernsey breeds (11, 13, 14) have likewise been interpreted as leading 
to the same conclusion. The Jersey data in table 9 support this view. 
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The variances in milk yields of these Ayrshires with A as the common 
grandparent are twice as large as those with C as the common grand- 
parent. From this fact it is suggested that sex-linked factors for 
milk production may be present. “There are, however, distinct con- 
tradictions to this interpretation within the data when taken as a 
whole. Data on the Holstein-Friesian cousins do lend some support 
to the sex-linked theory, although here, too, contradictions exist. 
The data in table 9 do not support the sex-linked hypothesis for the 
Jersey Registry of Merit cows. Similar data on the Guernsey breed 
likewise lend no support to it. 

The data on the grandparents of these Jersey Registry of Merit 
cows show that, considered individually, the correlation between their 
milk yields and butterfat percentages and those of their grand- 
daughters is only about half that of a parent production correlated 
with the production of the daughter. These grandparental correla- 
tions average about 0.2 while those of the parents average 0.4. In 
forecasting the record of a daughter, the record of a parent is four 
times as accurate as that of a grandparent, if we think of the degree 
of control as the square of their correlation coefficients. When the 
record used for forecasting a future cow’s milk yield is that of a grand- 
parent, the hazard evidently becomes much greater. This fact is 
emphasized in a recent paper by Edwards (5) in which the trans- 
mitting ability of a group of sires is compared. The production 
records of the dams of three sires in the same herd were given. The 
sire whose daughters had the largest production had the dam of 
lowest milk yield. His daughers’ milk yield was 1,000 pounds higher 
than that of their dams, while that of sire 2’s daughters was 4,350 
pounds less than their dams, and that of sire 3’s daughters was 3,510 
pounds less. While this is a selected, and therefore striking case, not 
comparable with the average result, it is by no means unexpected in 
view of the grandparental correlations derived in this paper and in 
former papers as cited above. It seems to emphasize the fact that the 
difficulties surrounding the selection of a sire almost require that the 
constructive breeder raise and test his breeding bulls in his own herd. 

The data in this paper demonstrate the inheritance of both the 
quantity of secretion which a gland manufactures and the proportion 
of a specific constituent of this secretion. An active gland may thus 
secrete a large volume of fluid, but this fluid may have a fairly wide 
variation in the percentage composition of its constituents. Similarly 
a gland of less active appearance may secrete a fluid which is highly 
concentrated, making its total secretion of the given constituent 
even greater than that of the apparently more active gland. 


SUMMARY 


This paper presents a study of the inheritance of milk yield and 
butterfat percentage in about 14,000 Jersey Registry of Merit cattle. 
The records of production are all of 364 to 366 days in length and are 
corrected to the production expected at maturity as judged by the 
cows’ record obtained at another age. Parent and offspring, grand- 
parent and offspring, sistership ‘and cousinship correlations are 
presented. These correlations show that inheritance accounts for 
about half the observed variation in milk yield and four-fifths of the 
observed variation in butterfat percentage. The environmental 
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variations which exist in these Jersey records account for little of the 
variation in the butterfat percentage and for only 10 percent of the 
variation in the milk yield. Dominance, assortive mating, and 
environmental variation common only to the cow herself account for 
the rest of the fluctuations in the yields and butterfat percentages. 
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INOCULATIONS SHOWING THE WIDE HOST RANGE OF 
BOTRYOSPHAERIA RIBIS' 


By Cuiayton O. SmitH 


Associate in plant pathology, California Agricultural Experiment Station 
INTRODUCTION 


The organism, Botryosphaeria ribis,? which causes the cane blight 
of currant, Ribes rubrum, R. americanum, R. nigrum, and R. aureum, 
has a wide distribution. It is found in parts of the United States, 
Canada, Hawaii, Palestine, Algeria, Tunisia, and Australia. It is 
omnivorous in its host relations and has been found on plants belong- 
ing to a number of different species. 


HISTORY AND HOST RANGE 


The importance of Botryosphaeria ribis as a pathogene on currant 
and gooseberry, Ribes grossularia, was demonstrated by Grossenbacher 
and Duggar (7). They described the perfect stage as B. ribis. The 
imperfeet stage, which is common on most hosts, is a Dothiorella. 
Later, Shear, Stevens, and Wilcox (17) verified their work and studied 
critically (using over 3,000 cultures) the closely related fungi col- 
lected from 26 different hosts. 

Shear, Stevens, and Wilcox (18) report 17 species of plants in the 
United States as hosts of Botryosphaeria ribis. Stevens (20) gives 
almost the same list, with additional species. Stevens and Shear (22) 
found B. ribis to be relatively scarce in the Hawaiian Islands. They 
made less than 30 collections, and list its occurrence on 14 species 
of plants. They grew cultures of the fungus from 15 of their collec- 
tions, and proved the pathogenicity on currants of 5 of these cultures 
selected at random. 

Saccardo (1/6) lists and describes 72 different species of the genus 
Dothiorella that were found on 54 different genera, and on a greater 
number of species. 

Fawcett (1, 2) found a species of Dothiorella attacking limbs of the 
English walnut, Juglans regial, named the disease melaxuma, and 
discovered that the arroyo willow, Saliz lasiolepis Benth., had typical 
cankers caused by the same fungus. This fungus, from its imperfect 
form, was provisionally determined as Dothiorella gregaria Sacce. 
which is now believed to be identical with the Dothiorella stage of 
Botryosphaeria ribis on currant and gooseberry, as described by 
Grossenbacher and Duggar (7). A decay of citrus fruits, especially of 
lemons, is listed by Fawcett (5, pp. 412-414) as caused by B. ribis. 
He reports Dothiorella sp. as iites and killing large citrus branches, 
in Italy (3, p. 132), in Tunisia (4, p. 208), om fn Algeria (4, p. 244). 
Reichert and Hellinger (15) record B. ribis as the cause of decay of 

1 Received for publication Mar. 16, 1934; issued September, 1934. Paper no. 293, University of California 
Graduate School of Tropical Agriculture and Citrus Experiment Station, Riverside, Calif. 
2 The name Botryosphaeria ribis is used in this paper for strains agreeing with B. ribis chromogena Gros. 
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oranges, and as the cause of bark lesions on citrus in Palestine. 
Shear, Stevens, and Wilcox (17), in 1917, inoculated grapefruit with 
the currant cane-blight organism and produced a typical rot. Stevens 
and Jenkins (2/) studied a blight on roses and a decay of the fruit of 
the horsechestnut and proved that it was caused by B. ribis. Put- 
terill (14) describes a canker of the apple tree in South Africa that was 
caused by a fungus for which he proposed the name Botryosphaeria 
mali, Shear, Stevens, and Wilcox (17) believe that this fungus is not 
different from B. ribis. Fenner (6) describes a rot of apples caused by 
B. ribis. Horne (8, 9, 10, 11, 12) finds a Dothiorella to be one of the 
causes of the spoilage of mature avocado fruits. It is also believed 
to be the same species as B. ribis. Stevens (19) reports a species of 
Botryosphaeria (probably B. ribis) on avocado from Cuba. 

The following are some of the hosts attacked by Botryosphaeria 
ribis, as reported in the literature: Acalypha sp. (22), A. marginata 
(20); Aesculus hyppocastanum (20, 21); ‘Aleurites moluccana (22) 
Amygdalus sp. (18), A. persica (20); Baccharis sp. (18, 20); Berberis 
sp. (20); Cassia sp. (20); Citrus sinensis (5), C. limonia (5); Eucalyptus 
sp. (18, 22); Gossypium sp. (18), G. hirsutum (20); Hibiscus sabdariffa 

2), H. tiliaceus (22); Hicoria pecan (20); Juglans sp. (18), J. regia 
(1, 2); Laguneularia sp. (18), L. racemosa (20); Leucaena glauca (22); 
Liriodendron sp. (18), L. tulipifera (20); Liquidambar sp. (18), L. 
styraciflua (20); ‘ends sp. (20); Mangifera indica (22); Melia sp. 
(18); Pandanus odoratissimus (22); Persea sp. (8, 9, 10, 11, 12, 20, p. 
208); Pipturus albidus (22); Poinciana sp. (18), P. pule herrima (20); 
Psidium guajava (22); Pyrus malus (6, 14, 17); Quercus spp. 18, 20); 
Ribes sp. (7, 17, 20); Ricinus sp. (18), R. communis (20); Rosa setipoda 
and other hybrids (21); Rubus sp. (19) raspberry; Sambucus sp. (18, 
20); Salix spp. (20); Schinus molle (2 22), S. terebinthifolius (22); 
Vitis sp. (18); Wikstroemia phillyreaefolia (22). 

The occurrence in California of a pod ae Dothiorella on Citrus; 
avocado, Persea americana; and walnut Juglans sp.; and its isolation 
from Cocos plumosa Hook. suggested cross-inoculation experiments on 
these hosts with strains isolated from these four hosts. The plan was 
later modified and made to include inoculations on species of 25 dif- 
ferent genera. 

MATERIAL AND METHODS 


Two strains of Dothiorella were isolated from English walnut, 
Juglans regia. One strain was obtained from the pyecniospores on a 
dead shoot, the other from an active melaxuma canker. Cultures of 
the latter usually caused larger lesions than any other strain tested. 
The avocado strain was furnished by W. T. Horne, and was isolated 
from a Fuerte avocado secured from the coastal region. The citrus 
culture was supplied by H. S. Fawcett, and was isolated from lemon 
bark. The palm strain was isolated by L. J. Klotz from Cocos 
plumosa. 

Botryosphaeria ribis is probably of rare occurrence on any of the 
Palmaceae as this is the first time that the disease has been found in 
California. This diseased specimen of Cocos plumosa was growing in 
a city lawn which had been sprinkled with a spray that splashed the 
water on the trunk and gave exceptionally favorable conditions for 
fungus infection. The palm was of good size with a trunk at base 
about 1.5 feet in diameter. These natural infections consisted of 
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numerous black lesions that were 1 to 6 inches in diameter and 1 to 
1.5 inches deep (pl. 3, A). They were for the most part arranged 
in a straight line that extended from near the base of the palm to 
a height of about 6 feet, but some other lesions were found at other 
points without any definite arrangement. 

The method of inoculation consisted in placing a pure culture 
of the organism from glucose-potato agar in injuries in the bark of 
trees growing in the open. Uniform wounds were secured by making 
cylindrical holes with a cork borer, 7 mm in diameter. After the 
insertion of the fungus, the excised bark was replaced and the whole 
wrapped with nurseryman’s tape. This method of inoculation is 
similar to that described by Klotz and Fawcett (13) and Wright (23). 
On small twigs a slight tangential oblique cut into the tissue was made, 
the inoculum placed in the incision, and the twig wrapped with tape. 
All the inoculations except some later ones on the Palmaceae were 
protected with nurseryman’s tape. These other inoculations on the 
Palmaceae were made by placing the inoculum over the injury and 
moist cotton over the inoculum. Then all was wrapped with paraffin 
paper whose ends were fastened to the plant tissue with tape. Con- 
trol experiments were run at the same time as the inoculations. They 
were made on the same or an adjacent twig, were wounded and 
protected in the same manner as the inoculations. 


INOCULATION AND RESULTS 


Inoculations with controls were made on different species of 
Rosaceae, Juglandaceae, Palmaceae, and on Citrus, Persea (avocado), 
and other genera. The results, although somewhat variable, were 
consistent in that nearly all the species showed some evidence of 
susceptibility. Some results were negative. These, before being 
considered as conclusive, should be confirmed by repeating the 
inoculations. The size of the diseased areas was judged by measuring 
the longest radius of blackened or discolored tissue, in millimeters, 
from the margin of the infection court. A radius less than 5 mm 
does not have much pathogenic significance. The results of inocula- 
tion on the hosts used are tabulated in tables 1 to 4 under the family 
names Rosaceae, Juglandaceae, and Palmaceae, the genera Citrus 
and Persea, and a miscellaneous group of species. The species that 
have not been reported in literature as hosts of Botryosphaeria ribis 
are marked in tables with an asterisk. 


TABLE 1.—Results of inoculations with Botryosphaeria ribis on plants belonging to 
Rosaceae, Juglandaceae, and Citrus 


ROSACEAE 
Period of =" ares Radius of 
Hosts inoculated ! Source of culture | incuba- ——— — infected 

tion : i se 
Days Number | Number | Millimeters 
*Almond (Prunus communis) : --| Welnet........ 35 4 4 25-50 
ee = Avocado. ._....- 61 6 3 10-25 
Apple (Malus sylvestris) _- Walnut. .-_...-.. 33 s 7 3-90 
 _ Sarees -| Avacado.._.... 21 4 4 30-45 
an ee " ESS 25 3 2 15-25 
Apple (fruit)... _- ; —_ \s- 16 2 2 20-30 
*Apricot (Prunus armeniaca) -- : | ares a 40 10 6 15-35 
_ eae ibe : Avacado. ......-. 40 Ss 4 25-50 


! Species that have not been reported so far as the author knows in literature as hosts of Botryosphaeria 
ribis are marked with an asterisk (*). 
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TABLE 1. 


Hosts inoculated 


Blackberry (Rubus sp.) 

Blackberry (Mammoth) 

Blackberry (Rubus sp.) 
Do 

*Cherry (P. avium) 
Do... 

*Cherry (P. serotina) 

* Cotoneaster pannosa 


do 
Heteromeles arbotifolia 
Do = “ 
* Loquat (Eriobotrya japonica) 


0 
Peach (A mygdalus persica) 
Do 


Do 
*Pear (Pyrus communis) 
*Plum (Prunus domestica) 
*Plum (P. salicina) - 
* Pyracantha gibbsii 
P. yunnanensis 
Rosa sp. Lady Hillingdon 
Rosa, Maman Cochet 
Rosa sp 
*Quince (Cydonia oblonga) 

do 
Do 
Do 


* Juglans nigra 
0 
Do 
J. regia 
Do 
Do 
*J. californica 
Do 
*J. hindsii 
Do 
*J. major 
Do . 
*J. sieboldiana 
Carya pecan 
Do 
* Plerocarya fraxinifolia 
Do_. 


Citrus shoots 
Citrus sinensis, Washington Navel 
C. sinensis, Valencia 
Do 
C. grandis, Marsh 
Do 
C. limonia, lemon 
0. _ 
C’. aurantium, sour 
do 
Do 
Citrus fruits 
Citrus sinensis, 
Do 
C. sinensis, Valencia 
Mi «« e 
C. grandis, Marsh 
Do 
C. limonia, lemon 
Do 


Washington Navel 


2 Girdled. 
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Results of inoculations with Botryosphaeria ribis on plants belonging to 
Rosaceae, Juglandaceae, and Citrus 


ROS: 


. . , Nee ~ | Inocula- | Positive ‘ . 
Source of culture — tions results — 
Days Number | Number | Millimeters 
Walnut 10 4 3 20-30 
Citrus 3 2 15-20 
Avocado 5 3 10-20 
Palm 3 3 5-10 
Walnut 7 7 10-70 
Avocado 3 3 () 
Walnut 2 2 40-50 
do 3 2 30-90 
Avocado 3 3 10-30 
Walnut 3 3 20-40 
Avocado 3 3 5-25 
Walnut 3 2 20-30 
Avocado 3 2 15-25 
Walnut 3 3 25-60 
Avocado 4 3 30-35 
Citrus 4 3 5 
Walnut 3 3 7044 
Avocado 3 2 25-: 
Walnut 4 4 30- 
do 3 3 20-4 
do 3 3 5 
do 3 3 15-35 
Avocado 3 3 10-20 
Palm _. 3 3 10-15 
Walnut 7 6 20-100 
Avocado 4 3 10-25 
Palm 2 2 10 
Citrus 2 0 niall 
JGLANDACEAE 
Walnut 45 12 3 5-10 
Avocado - 36 6 0 
Citrus 33 3 2 5-5 
Walnut _- ‘ 45 4 4 30-40 
Avocado 45 5 5 10-25 
Palm - . 25 3 3 25-60 
Walnut 45 5 4 5-20 
Avocado 45 2 0 a 
Walnut 45 H 4 5-10 
Avocado 45 3 2 4-5 
do__. 30 3 3 10 
Walnut. 30 3 3 20-30 
Avocado 45 3 2 5-10 
do_. 24 2 2 3-5 
Walnut_. 60 2 2 10-50 
Avocado 20 2 2 3-5 
Walnut 20 5 2 5-7 
CITRUS SHOOTS AND FRUITS 
Walnut 45 4 
do 13 6 6 
Palm. -- - 25 2 2 
Walnut 13 3 3 
Avocado 30 3 3 
Walnut 26 3 3 
Avocado 45 4 4 
ETE 27 3 2 
Walnut 36 10 4 
Avocado. 36 4 0 
| Walnut 10 1 1 
Avocado 12 1 l 
Walnut 12 1 1 
Avocado- - 12 1 1 
Walnut-_- 12 2 2 
Avocado. --- 12 2 2 
Walnut. __ 12 2 2 
Avocado. .__.- 12 2 2 
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ARTIFICIAL INOCULATIONS ON DIFFERENT HOSTS WITH BOTRYOSPHAERIA RIBIS 
FROM CITRUS, AVOCADO, AND WALNUT 


A, Avocado strain on stems of Persea americana (avocado). B, Walnut strain on Corylus avellana 1. 
(filbert). C, Walnut strain on Eucalyptus sp. after 50 days. D, Carya pecan inoculated with walnut 
strain. FE, Walnut strain on Juglans major after 60 days. F, Walnut strain on Citrus grandis, Marsh 
grapefruit. G, Fruit of Guatemalan avocado, Persea americana, inoculated with walnut strain of 
Dothiorella sp. in contact without wounds. //, Walnut strain on Castanea sp. after 27 days. J, Inocula- 
tion on J. regia with walnut strain. J, Walnut strain on Annona cherimola. K, Valencia orange, C. 
sinensis, inoculated with walnut strain May 5, photographed October 5, 1933. L, Walnut strain on 
Olea europaea after 0 days 















Host Range of Botryosphaeria ribis 





ARTIFICIAL INOCULATION ON RIBES VULGARE AND PLANTS OF THE ROSACEAE 
WITH CULTURES OF BOTRYOSPHAERIA RIBIS ISOLATED FROM WALNUT, 
AVOCADO, AND CITRUS 


A, Walnut strain inoculated in twigs of Pyrus malus, photographed after 32 days. B, Walnut strain 
on Prunus armeniaca (Royal apricot) after 64 days. C, Walnut strain on Cydonia oblonga Mill. (quince), 
photographed after 51 days. D, Rosasp. (Lady Hillingdon) inoculated with walnut strain, photographed 
after 25 days. F, Inoculation with walnut strain of Dothiorella sp. on Mammoth blackberry Rubus 
sp. F, Walnut strain inoculated on sweet cherry, Prunus avium, 60 days. G, Walnut strain on P. 
serotina Ehrh., photographed after 22 days. //, currant, R. vulgare, 64 days after inoculation with wal- 

nut strain of Dothiorella sp 
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The genera of the Rosaceae (table 1) inoculated were Cotoneaster, 
Cydonia, Eriobotrya, Heteromeles, Rosa, Rubus, Prunus, Pyrus, and 
Pyracantha. In varieties of Prunus domestica, P. avium, P. com- 
munis, and P. persica, definite infected areas developed. A large 
amount of gum was often present, whether the results were positive 
or negative (Citrus, pl. 1, and Prunus, pl. 2). Two varieties of rose, 
Lady Hillingdon and Maman Cochet, were especially susceptible 
and developed diseased areas having a radius of 10 to 35 mm in 
18 days (pl. 2, D). On Mammoth blackberry, positive Jesions 
10 to 30 mm in radius were formed (pl. 2, Z). The apple and pear 
readily developed cankers 30 to 80 mm in radius in about 30 days 
(pl. 2, A). The loquat, Eriobotrya japonica, the quince, Cydonia 
oblonga, the California Christmasberry, Heteromeles arbutifolia, and 
firethorn, Pyracantha gibbsii and P. yunnanensis, were all readily 
infected. The quince (pl. 2, C) and loquat were especially susceptible 
and had infected areas 20 to 50 mm in radius in 30 days. 

Of the Juglandaceae tested, the various walnuts Juglans regia, J. 
californica, J. hindsii, J. major (pl. 1, F), and J. sieboldiana were all 
susceptible and had diseased areas with a radius of 5 to 40 mm. 
J. regia had the largest canker, ranging from 30 to 40 mm in radius 
in 45 days (pl. 1, J). The diseased areas on the other species were 
5 to 20 mm in radius. J. nigra showed negative results in 15 inocu- 
lations and small lesions (5 mm radius) in 5 inoculations. The inocu- 
lations on Pterocarya fraxinifolia were of small size. On Carya pecan 
the infected areas were 10 to 15 mm in radius in 24 days, increasing 
to 50 mm after 60 days (pl. 1, D). 

Inoculations were made on shoots of the following species of Citrus: 
C. sinensis, Washington Navel and Valencia orange (pl). 1, K); C. 
grandis, Marsh grapefruit (pl. 1, F); C. limonia, the lemon; and C 
aurantium, the sour orange. Of these, the lemon was the most 
susceptible, having cankers 20 to 60 mm in radius in 10 days. 
The sour orange was the most resistant, with small positive lesions 
10 to 15 mm in radius in the bark and wood one-half to three-quarter 
inch in diameter; on older, large wood the results were negative. The 
sweet orange (Washington Navel and Valencia varieties) was next to 
the lemon in susceptibility, and had developed much gum and diseased 
areas of 40to70mmin radiusin 15 days. Marsh grapefruit shoots were 
readily infected, developing cankers 70 mm in radius in 15 days. 
The fruits of all the species, including lemon, Marsh grapefruit, and 
Valencia, and Washington Navel were readily infected when my- 
celium of the fungus was placed in a wound or on the stem end 
of fruits when they were kept in a moist chamber. 

With the walnut strain, 25 inoculations on Persea americana, the 
avocado (table 2), developed small-sized lesions having a 2 to 5 mm 
radius. With the avocado strain, 11 inoculations agreed in size 
with those given above, while 10 other inoculations with the avocado 
strain were larger and produced diseased areas 10 to 50 mm in radius 
(pl. 1, A and @). 

Fruits of avocado of various degrees of maturity were inoculated 
with Botryosphaeria ribis without being removed from the tree. 
Young fruits 1 to 1% inches in diameter, when inoculated through a 
wound made by a 4-mm cork borer, developed spots having a radius 
of 4 to 5 mm (pl. 1, @) in 12 days. Other inoculations made in the 
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same way and on the same kind of avocado fruit showed no invasion 
of the tissue. Fruit of a nearly mature, green-fleshed Guatemalan 
avocado, inoculated through a wound made by a cork borer, devel- 
oped an infected spot with a radius of 15 to 20 mm in7 days. Young 
fruits of Puebla and Blake avocado inoculated without wounds by 
placing the mycelium growing in agar on the surface and covering 
it with nurseryman’s tape, gave definite spots 8 to 15 mm in radius 
in 6 to 10 days. Diseased areas with a radius of 30 to 35 mm were 
also produced in a Guatemalan fruit when inoculated by placing 
mycelium on the surface. These results are not surprising since 
the avocado fruit has numerous natural openings or lenticels through 
which the mycelium might readily pass. 



































TaBLE 2.—Inoculations through wound (unless otherwise indicated) in stems 
and fruit of Persea americana (avocado) with cultures of Botryosphaeria ribis 


Period of Radius of 


Inocula- | Positive 


Tissue or kind of fruit inoculated Source of culture! incuba- tions results infected 
tion area 
Day: Number | Number |Millimeters 
Shoots Walnut 18-45 19 15 2-5 
do do 18-45 3 3 
Do Avocado 18-22 ll 11 
Do do 25 5 5 
Do Citrus 25-33 8 7 
Do Palm 25 l 1 
Guatemalan fruit Walnut 7 3 3 
do Avocado 7 3 3 
Do Walnut 7 3 3 
Puebla fruit do 7 2 2 
0 Avocado 6 2 2 
Blake fruit Walnut 6 4 4 
Do Avocado 6 1 1 5 
Do Citrus 12 1 1 5 





Fruit inoculated while attached to tree by placing mycelium in contact with unwounded surface and 
covering with nurseryman’s tape. 


Successful inoculations through wounds with a culture of Botryo- 
sphaeria ribis isolated from Cocos plumosa were made in the follow- 
ing fruits: Apple, lemon, olive, and tomato. Inoculations on woody 
stems of hosts that had proved to be susceptible to the avocado, 
citrus, and walnut strains of B. ribis were also infected when inocu- 
lated with the palm strain of B. ribis, and developed into positive 
lesions that were similar in size, shape, and other characteristics to 
those made by the other three strains of B. ribis. The results from 
these inoculations (the number of positive results and the radius in 
millimeters) are given in tables 1 to4. The inoculations of Palmaceae 
(pl. 3, B-F) with avocado, citrus, palm, and walnut strains are 
listed in table 3, and were made during December and January, which 
during this season were not excessively rainy. The amount of rain 
falling at Riverside, Calif., during December 1933, was 1.66 inches, 
and during January 1.01 inches. 
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NATURAL LESIONS ON COCOS PLUMOSA AND INOCULATIONS WITH THE PALM 
AND CITRUS STRAINS OF BOTRYOSPHAERIA RIBIS. 


A, Two views of Cocos plumosa having natural lesions caused by Botryosphaeria ribis, with surface of palm 
cut away in some lesions to show the blackened tissue. B, Cocos bonnetti showing control and lesion 
formed from inoculation with palm organism, photographed after 5 months. C, Lesion on apple, in- 
oculated with palm organism, showing pyenia that have formed, photographed after about 6 months 
D, Lesion on petiole of Phoenix canariensis after 60 days. E, Petiole of Washingtonia filifera lesion after 
60 days. F, Inoculations on Frythea edulis, two lesions coalesced at left having been caused by the 
palm strain of Botryosphaeria ribis, the lesion at the right having been caused by the citrus strain. G, 
Lesion on petioles of date palm, Phoenix dactylifera, after 60 days. IH, Inoculations on Cocos plumosa, 
showing pycnia that have been formed, photographed after 60 days. J, Artificial lesion on Juglans 

regia caused by palm organism after 35 days. 
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TABLE 3.—Inoculations through wounds in the petioles of the Palmaceae with 


cultures of Botryosphaeria ribis 
[Results after 60 days] 
Radius of 


infected 
area 


Inocula- Positive 


Hosts inoculated tions results 


Source of culture 








*Cocos bonnetti 
0 
Do 

*C. plumosa 
Do-. 
Do 


Do 
* Erythea edulis 
Do 
 -s 
Do ; 
* Phoenix canariensis 
Do 
Do 
*P. dactylifera 
Do 


Do 

* Washingtonia filifera 
a) 
Do 


Palm 
Walnut 
Citrus 
Palm 
Walnut 
Avocado 
Citrus 
Palm 
Walnut 
Citrus 
Avocado 
Palm... 
Walnut 
Citrus_- 
Palm 
Walnut. 
Citrus 
Palm_. 
Walnut 
Citrus 


Number Number Millimeters 
, 10 


CRN NWANN HK hn Se eN UD 


50 Oo 


oow 


5-10 

10 

5-130 by 4 
5-10 


WOK NWOKONN WSN Se 


Species that have not been reported so far as the author knows in literature as hosts of Botryosphaeria 


ribis are marked with an asterisk (*). 


? Negative 


TABLE 4. 


Species inoculated ! 


* Annona cherimola (cherimoya) 


0_. 
* Castanea sp 
Do 
* Carissa grandifiora 
*Ceratonia siliqua (carob) 


Do a 
* Chionanthus virginica 
0 
*Corylus avellana 
* Cupressus macrocarpa 
* Diospyros kaki 
D. lotus 
Do 
Eucalyptus sp 
Do 
* Feijoa sellou iana 
* Ficus (Kadota fig) 
* Frarinus ornus 
Do 
* Juniperus procera 
* Morus nigra 
*Olea europaea 
Do ‘ 
Do 
* Platanus racemosa 
Do__. 
* Populus fremonti 
Psidium guajava 
Do_. 
Do 
* Quercus lobata 
Ribes vulgare 
Do_. 
= 
Salix nigra 
Do 
Do 
*Sapium sebiferum 
*Ulmus parvifolia 
Vitis vinifera__.. 


Source of culture 


Period of 
incuba- 


tion 


Walnut 
Avocado 
Citrus 
Walnut 
Avocado 
Walnut 
Avocado 
Walnut 
Citrus 
Walnut 
do 
do 
Avocado 
Palm 
Walnut 
Palm 
Walnut 
do 
do 
Avocado 
Walnut 
do 
do 
Avocado 
Palm 
Walnut 
Citrus 
Walnut 
do 
Avocado 
Palm 
Walnut 
do 
Citrus 
Avocado - - 
Walnut. 
Citrus 
Avocado 
Walnut. 
do 
do 


Days 


Inocula- 
tions 


Number 


POWWORWON WO www 


Pow Www 


2 
3 
3 
3 


Miscellaneous species inoculated with Botryosphaeria ribis 


Radius of 
infected 
area 


Positive 
results 


Number | Millimeters 
7 25-58 


10-20 


20-40 
10-25 


SCHDOCOOCNHWBWKWHBHANN KN ACN KCN WBWeENKHKBWKHWKBNOKWKAN KL 


15-30 
10-20 


5-6 


www 


1 Species that have not been reported so far as the author knows in literature as hosts of Botryosphaeria 


ribis are marked with an asterisk (*). 
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The results of inoculation on 20 species of miscellaneous plants are 
summarized in table 4. They include Castanea sp., chestnut (pl. 1, ); 
Corylus avellana, filbert; Diospyros kaki and D. lotus, persimmon; 
Olea europaea, olive; Psidium qguajava, lemon guava; Populus fre- 
monti, cottonwood; Platanus racemosa, sycamore; Salix nigra var. 
vallicola, willow; Ulmus parvifolia, elm; Quercus lobata, oak; and 
Annona cherimola (pl. 1, J). 

The diseased areas on the olive (pl. 1, LZ), with the walnut strain had 
a radius of 10 to 25 mm in 10 days; those on the lemon guava a 50 to 
70 mm radius in 15 days; those on Platanus racemosa a 10 to 40 mm 
radius after 16 days; those on Quercus lobata a 15 to 30 mm radius 
in 15 days; those on Corylus arellana a 5 to 35 mm radius in 16 days, 
increasing in size until they were 40 to 50 mm in radius after 60 days 
(pl. 1, B). 

Consistently negative results were secured from six inoculations on 
each of the following species: Casimiroa edulis (sapota), Zizyphus 
jujuba, and Machadmia ternifolia (Queenland nut). 

In the inoculations on woody shoots the bark and wood became 
invaded. The effects of the fungus were most marked on the wood, 
which was stained to a greater extent than the bark lesion. The 
extent of this wood invasion is shown in pl. 1, C, in the blackened 
V-shaped area of a section of a eucalyptus stem. Often the invasion 
of the organism is shown as a narrow, dark-colored strip in woody 
tissue that is not visible in the bark. 

The controls were usually healed over at the end of the experiment 
in all the hosts except the Palmaceae, in which there was merely a 
drying of the margin of the wound. (See pl. 3, B, a control for an 
inoculation on Cocos bonnetti.) 

The inoculations listed in tables 1,2, and 4 were made with the palm 
strain in December 1933 and January 1934, and with all other strains 
from March to August 1933. This latter period was near the end of 
the rainy season and during the dry season. As shown by the records 
of the Citrus Experiment Station, Riverside, Calif., the amount of 
rain in inches was as follows: March 1933, 0.04; April, 1.28 (three 
showers of 0.31, 0.40, 0.42, and four light sprinkles); May, 0.30; 
June, 0.02; July, 0. Diseased areas developed during each of 5 
months. The difference in their size and number was not significant. 
During July the inoculations were chiefly confined to avocado fruit, 
which was infected while on the tree. The temperatures, while 
variable, did not appear to be a controlling factor when the mycelium 
was placed in a wound in the tissue and sealed with nurseryman’s tape. 


REISOLATION OF THE FUNGUS 


Botryosphaeria ribis was readily reisolated in pure cultures from 
small pieces of tissue cut from the outer margin of the affected areas 
of selected inoculations taken from most of the species listed in 
tables 1 to 4. 

SUMMARY AND DISCUSSION 


Botryosphaeria ribis is found in many of the temperate and sub- 
tropical countries. Its host range in nature includes at least 34 
genera and 20 families of plants. Cultures of the Dothiorella stage 
isolated from Juglans regia, Persea americana, Citrus limonia, and 
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Cocos plumosa, when used in cross inoculations, indicate that these 
strains of Dothiorella are identical. The inoculations described in 
this paper were made on over 50 species of plants distributed among 
39 genera and 20 families. The positive results show lesions 5 to 90 
mm in radius. 

The experiments show that the mycelium of the Dothiorella stage of 
Botryosphaeria ribis can invade the bark and woody tissue of a number 
of different species of Rosaceae, Juglandaceae, Palmaceae, Citrus, and 
other plants of economic importance. This suggests the possibility 
that some of the large number of described species of Botryosphaeria 
and of Dothiorella, based mainly on host relations may be the same. 
The evidence shows that with wounds and sufficient inoculum certain 
hosts are extremely susceptible, while others are apparently more 
resistant. In nearly all the inoculations, healthy tissue was actually 
invaded. With more humid conditions, larger lesions might be 
expected. Under natural conditions, it is probable that many of 
these slightly susceptible hosts would only rarely, if ever, become 
infected because of the lack of sufficient inoculum to break down the 
initial resistance. 

Relatively few inoculations were made on the different hosts, and 
a fairly high percentage of positive results were secured. The 
number of inoculations, however, was too small to give any reliable 
evidence of the species resistant to the different California strains of 
Botryosphaeria ribis. The experiments were planned to determine 
the pathogenicity of the organism on different hosts rather than to 
show plant resistance or even to test whether it is active on some 
plants and not on others. Often some inoculations were very active, 
and others on the same branch made under the same conditions were 
negative. The negative results in the tables probably have no 
significance. 
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